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(54) Hydraulic braking pressure control unit 

(57) A hydraulic braking pressure control unit includ- 
ing three or more hydraulic pressure control compo- 
nents (62, 64, 80, 82, 84, 86, 120, 122; 362, 364, 378, 
380, 386, 388, 406, 410, 412, 414, 416), and a holder 
structure (150; 420) which holds those hydraulic pres- 
sure control components, wherein the three or more hy- 
draulic pressure control components are selected from 
electromagnetically operated hydraulic pressure control 
valves (64, 80, 82, 84, 86, 362, 364, 378, 380, 41 0, 41 2) 
capable of controlling a pressure of a working fluid in a 
brake cylinder (22, 24; 320-323) in a braking system, 
and pressure detecting devices (62, 120, 122; 386, 388, 
406, 414, 416) used to detect respective pressures of 
the fluid, to control the electromagnetically operated hy- 
draulic pressure control valves. The three or more hy- 
draulic pressure control components (62, 64, 80, 82, 84, 
86, 120, 122; 362, 364, 378, 380, 386, 388, 406, 410, 
41 2, 41 4, 41 6) include three hydraulic pressure control 
components (120, 122; 362, 364, 378, 380, 386, 388, 
406, 41 0, 41 2, 414, 41 6) which are attached to the hold- 
er structure (150; 420) such that one of the three hy- 
draulic pressure control components is spaced from the 
other two hydraulic pressure control components by 
substantially the same distance. 
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Description 

[0001] This application is based on Japanese Patent 
Application No. 2001 -1 1 791 3 filed on April 1 7, 2001 and 
No. 2001-156449 filed May 25, 2001, the contents of 
which are incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a hydraulic 
braking pressure control unit. 

Discussion of Related Art 

[0003] There is known a hydraulic braking pressure 
control unit which includes a plurality of electromagnet- 
ically operated hydraulic pressure control valves capa- 
ble of controlling brake cylinders, and hydraulic pres- 
sure detecting devices. The hydraulic pressure control 
valves and the hydraulic pressure detecting devices are 
held by a holder structure. 

[0004] U. S. Patent No. 5,577,813 (corresponding to 
JP-A-8-502007) discloses an example of such a hydrau- 
lic braking pressure control unit, which includes: (i) a 
power-operated hydraulic pressure source having (a) a 
pump device including a pump arranged to pressurize 
a working fluid received from a low-pressure source and 
deliver the pressurized working fluid, and a motor oper- 
able to drive the pump, and (b) an accumulator arranged 
to store the working fluid delivered from the pump de- 
vice, (ii) a control valve device including at least one con- 
trol valve each capable of controlling a hydraulic braking 
pressure in a brake cylinder for operating a brake, by 
utilizing the fluid delivered from the power-operated hy- 
draulic pressure source, and (iii) a holder structure 
which has a first surface and a second surface opposite 
to each other, and a third surface adjacent to the first 
and second surfaces. The holder structure include first, 
second and third portions respectively having the first, 
second and third surfaces. The holder structure holds 
the power-operated hydraulic pressure source and the 
control valve device such that each of the above-indi- 
cated at least one control valve is attached at its main 
body portion to the first portion, and the motor is at- 
tached at its main body portion to the second portion, 
while the accumulator is attached at its main body por- 
tion to the third portion. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to pro- 
vide a hydraulic braking pressure control unit which is 
arranged to be relatively small-sized. This object may 
be achieved according to any one of the following 
modes of the present invention in the form of a hydraulic 
braking pressure control unit, each of which is num- 
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bered like the appended claims and depends from the 
other mode or modes, where appropriate, to indicate 
and clarify possible combinations of elements or tech- 
nical features. It is to be understood that the present in- 

5 vention is not limited to the technical features or any 
combinations thereof which will be described for illus- 
trative purpose only. It is to be further understood that a 
plurality of elements or features included in any one of 
the following modes of the invention are not necessarily 

10 provided all together, and that the invention may be em- 
bodied without some of the elements or features de- 
scribed with respect to the same mode. 
[0006] (1) A hydraulic braking pressure control unit 
comprising: 

15 

at least three hydraulic pressure control compo- 
nents selected from (i) electromagnetically operat- 
ed hydraulic pressure control valves capable of 
controlling a pressure of a working fluid in a brake 

20 cylinder in a braking system, and (ii) pressure de- 
tecting devices used to detect respective pressures 
of the fluid, to control the electromagnetically oper- 
ated hydraulic pressure control valves; and 
a holder structure which holds the at least three hy- 

25 draulic pressure control components, 

and wherein the at least three hydraulic pressure 
control components include three hydraulic pres- 
sure control components which are attached to the 
holder structure such that one of the three hydraulic 

30 pressure control components is spaced from the 
other two of the three hydraulic pressure control 
components by a substantially same distance. 

[0007] In the hydraulic braking pressure control unit 

35 constructed according to the above mode (1) of the 
present invention, the three hydraulic pressure control 
components are located at respective three apexes of 
an isosceles triangle. In other words, one of the three 
components is located on a straight line which is normal 

40 to a segment connecting the centers of the other two 
components and which passes a midpoint of that seg- 
ment. Where the hydraulic braking pressure control 
units include a relatively large number of hydraulic pres- 
sure control components that include two or more sets 

45 of three components wherein the three components of 
each set are positioned relative to each other as de- 
scribed above, the components are arranged in a zigzag 
or staggered pattern on the holder structure, so that the 
number of the components that can be attached per unit 

so surface area of the holder structure can be made larger, 
than where the components are arranged in a rectan- 
gular lattice pattern. Accordingly, the present arrange- 
ment permits an increased density of arrangement of 
the hydraulic pressure control components, and effec- 

55 tive utilization of the surface area of the holder structure, 
thereby making it possible to reduce the required size 
of the hydraulic braking pressure control unit. Thus, the 
present arrangement is advantageous where the unit in- 
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eludes a relatively large number of hydraulic pressure 
control components. 

[0008] The three hydraulic pressure control compo- 
nents located at the respective apexes of an isosceles 
triangle may be of the same kind, or one of the three s 
components is different in kind from the other two com- 
ponents. For instance, the three components are all 
electromagnetically operated hydraulic pressure control 
valves, or pressure detecting devices. Alternatively the 
two components are electromagnetically operated hy- 
draulic pressure control components while the third 
component is a pressure detecting device, or the two 
components are pressure detecting devices while the 
third component is a hydraulic pressure control valve. 
Described more specifically, a pressure detecting de- 
vice may be spaced from two hydraulic pressure control 
valves by the same distance, or a hydraulic pressure 
control valve may be spaced from two pressure detect- 
ing devices by the same distance. Further alternatively, 
either a hydraulic pressure control valve or a pressure 
detecting device may be spaced from a hydraulic pres- 
sure control valve and a pressure detecting device by 
the same distance. 

[0009] Each pressure detecting devices is provided to 
detect a pressure of the fluid, which pressure is used to 
control the electromagnetically operated hydraulic pres- 
sure control valves. For instance, the pressure detecting 
device may be a brake-cylinder pressure detecting de- 
vice used to detect the hydraulic braking pressure in the 
brake cylinder, a power-operated-pressure-source 
pressure detecting device used to detect the pressure 
of a pressurized fluid delivered from a power-operated 
hydraulic pressure source, or a master-cylinder pres- 
sure detecting device used to detect the pressure of a 
pressurized fluid delivered from a master cylinder. 
Where the hydraulic braking pressure in the brake cyl- 
inder is controlled on the basis of the pressure of the 
pressurized fluid delivered from the power-operated hy- 
draulic pressure source, the electromagnetically oper- 
ated hydraulic pressure control device is controlled on 
the basis of the pressure of the pressurized fluid re- 
ceived from the power-operated hydraulic pressure 
source. Where the hydraulic braking pressure in the 
brake cylinder is controlled so as to be equal to a target 
or desired value determined on the basis of the pressure 
of the pressurized fluid delivered from the master cylin- 
der, the hydraulic pressure control valve is controlled on 
the basis of the fluid pressure of the master cylinder. 
[0010] The electromagnetically operated hydraulic 
pressure control valves may include not only control 
valves arranged to directly increase or reduce the hy- 
draulic braking pressure in the brake cylinder, but also 
electromagnetically operated valves arranged to isolate 
the brake cylinder from the master cylinder when the hy- 
draulic braking pressure in the brake cylinder is control- 
led by utilizing the pressurized fluid delivered from the 
power-operated hydraulic pressure source. 
[0011] The principle of the present invention accord- 



ing to the above mode (1 ) requires at least three hydrau- 
lic pressure control components of the hydraulic braking 
pressure control unit to include three components that 
are attached to the holder structure such that these 
three components are positioned relative to each other 
as described above. However, the principle of the 
present invention does not require all of the hydraulic 
pressure control components of the unit to satisfy the 
positional relationship as described above. 
[001 2] The hydraulic braking pressure control unit ac- 
cording to the above mode (1 ) may include the technical 
feature according to any one of the following modes 
(28), (32), (33), (36), (38), (40) and (41). 
[0013] (2) A hydraulic braking pressure control unit 
according to the above mode (1), wherein the holder 
structure includes a portion having one surface, and the 
above-indicated at least three hydraulic pressure con- 
trol components are attached to the holder structure 
such that a main body portion of each of the at least 
three hydraulic pressure control components is fixed to 
the above-indicated portion of the holder structure. 
[0014] In the braking hydraulic pressure control unit 
according to the above mode (2), each hydraulic pres- 
sure control component is fixed to a portion of the holder 
structure on the side of one surface of the holder struc- 
ture, so that the signal wires or lines connected to the 
components can be relatively easily bundled together. 
[0015] Where the component is at its main body por- 
tion fixed to a portion of the holder structure o the side 
of one surface of the holder structure, it is common that 
a part of the main body portion is received in a recess 
open in that one surface of the holder structure while the 
other part of the main body portion projects from the sur- 
face. The part received in the recess may be larger than 
the other part projecting from the surface, or vice versa. 
In either case, the recess may function as a portion of 
the electromagnetically operated hydraulic pressure 
control valve or pressure detecting device. Where the 
recess formed in the holder structure functions as a por- 
tion of the electromagnetically operated hydraulic pres- 
sure control valve, for example, the hydraulic pressure 
control valve is constituted by a part of the holder struc- 
ture defining the recess, and the main body portion fixed 
to the holder structure. Where the recess of the holder 
structure does not function as a portion of the electro- 
magnetically operated hydraulic pressure control valve, 
that is, where the main body portion is capable of func- 
tioning as the hydraulic pressure control valve before 
the main body portion is fixed to the holder structure, 
only the main body portion is considered to function as 
the hydraulic pressure control valve. Where the recess 
of the holder structure function as a portion of the hy- 
draulic pressure control valve, the recess may partially 
define a fluid chamber or communication passage that 
is required to be formed in the hydraulic pressure control 
valve. 

[0016] (3) A hydraulic braking pressure control unit 
according to the above mode (1) or (2), wherein the 
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above-indicated at least three hydraulic pressure con- 
trol components include two components which are ar- 
ranged along a reference line, and another component 
which is spaced from the reference line in a direction 
perpendicular to the reference line. 
[001 7] The reference line may be parallel to an X-axis 
or Y-axis direction of a surface of the holder structure (a 
direction of short or long sides of a rectangular surface 
of the holder structure, or a longitudinal or transverse 
direction of the rectangular surface). Where the two or 
more hydraulic pressure control components are ar- 
ranged along the reference line while another hydraulic 
pressure component is located at a distance from the 
reference line, the surface area available on the holder 
structure can be effectively utilized for attachment of the 
components, with a reduced wasting of the surface ar- 
ea, if the above-indicted another component is spaced 
from the adjacent two components by the same dis- 
tance. This arrangement permits significant reduction of 
the required size of the braking hydraulic pressure con- 
trol unit. 

[0018] (4) A hydraulic braking pressure control unit 
comprising (a) a plurality of electromagnetically operat- 
ed hydraulic pressure control valves capable of control- 
ling a pressure of a working fluid in a brake cylinder, and 
(b) a holder structure which holds the plurality of elec- 
tromagnetically operated hydraulic pressure control 
valves, and wherein the plurality of electromagnetically 
hydraulic pressure control valves have respective main 
body portions which are arranged along a straight line 
on one surface of the holder structure, and the holder 
structure has at least one fluid passage which is formed 
in the holder structure such that each fluid passage ex- 
tends in a direction intersecting the straight line, be- 
tween two adjacent ones of the electromagnetically op- 
erated hydraulic pressure control valves as seen in a 
plane of the above-indicated one surface. 
[0019] In the hydraulic braking pressure control unit 
according to the above mode (4) of this invention, each 
fluid passage is formed in the holder structure, by utiliz- 
ing portions of the holder structure not occupied by the 
hydraulic pressure control valves, so that the required 
size of the hydraulic braking pressure control unit can 
be reduced. The above-indicted at least one fluid pas- 
sage may include a high-pressure passage connected 
to a high-pressure source, and a low-pressure passage 
connected to a low-pressure source. 
[0020] The hydraulic braking pressure control unit ac- 
cording to the above mode (4) may include the technical 
feature according to any one of the above modes (1) 
-(3). For instance, pressure detecting devices as well as 
the hydraulic pressure control valves may be arranged 
along the straight line. The fluid passage or passages 
may be formed according to the above mode (4), in the 
holder structure of the hydraulic braking pressure con- 
trol unit according to any one of the above modes (1 )-(3). 
[0021] Further, the hydraulic braking pressure control 
unit according to the above mode (4) may include the 



technical feature according to any one of the following 
modes (28), (32), (33), (36), (38), (40) and (41). 
[0022] (5) A hydraulic braking pressure control unit 
according to the above mode (4), wherein the above- 
5 indicated at least one fluid passage includes at least one 
high-pressure passage connected to a high-pressure 
source. 

[0023] (6) A hydraulic braking pressure control unit 
according to the above mode (4) or (5), wherein the 
10 above-indicted at least one fluid passage includes at 
least one passage formed so as to extend in a direction 
substantially perpendicular to the straight line as seen 
in said plane. 

[0024] Where the at least one fluid passage is formed 

15 so as to extend substantially perpendicularly to the 
straight line, the fluid passage or passages may be ef- 
fectively formed in the holder structure, without increas- 
ing the size of the holder structure. 
[0025] (7) A hydraulic braking pressure control unit 

20 according to any one of the above modes (4)-(6), where- 
in the above-indicated at least one fluid passage in- 
cludes at least one passage formed so as to extend 
along a straight line which is normal to a segment con- 
necting the centers of the adjacent ones of the plurality 

25 of electromagnetically operated hydraulic pressure con- 
trol valves and which passes a midpoint of the segment, 
as seen in the plane of the above-indicated one surface. 
[0026] (8) A hydraulic braking pressure control unit 
according to any one of the above modes (5)-(7), where- 

30 in the plurality of electromagnetically operated hydraulic 
pressure control valves whose main body portions are 
arranged along the straight line consist of four control 
valves, and the high-pressure source includes a power- 
operated hydraulic pressure source power-operable to 

35 pressurize the working fluid, and a master-cylinder op- 
erable by an operator by the unit, the above-indicated 
at least one fluid passage including a pressure-source 
passage connected to the power-operated hydraulic 
pressure source, and at least one master-cylinder pas- 

40 sage connected to the master cylinder, each of the pres- 
sure-source passage and the maser-cylinder passage 
being formed in the holder structure, so as to extend in 
the direction intersecting the straight line, between ad- 
jacent ones of the four control valves, as seen in the 

45 above-indicated plane. 

[0027] In the hydraulic braking pressure control unit 
according to the above mode (8), one pressure-source 
passage and two master-cylinder passages may be 
formed between respective three pairs of adjacent con- 

so trol valves of the four control valves, for example. 

[0028] (9) A hydraulic braking pressure control unit 
according to any one of the above modes (4)-(8), which 
is used for a braking system having two mutually inde- 
pendent sub-systems. 

55 [0029] Where the braking system is used for an auto- 
motive vehicle, the braking system may be of an inde- 
pendent front-rear piping arrangement or an independ- 
ent X-crossing piping arrangement. Namely, the two 
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mutually independent sub-systems may consist of a 
front-wheel braking sub-system for braking the vehicle 
front wheels and a rear-wheel braking sub-system for 
braking the vehicle rear wheels, or alternatively, a first 
diagonal braking sub-system for braking the front left 
wheel and the rear right wheel, and a second diagonal 
braking sub-system for braking the front right wheel and 
the rear left wheel. 

[0030] The technical feature according to the above 
mode (9) is applicable to the hydraulic braking pressure 
control unit according to any one of the above modes 
(1)-(3). 

[0031] (10) A hydraulic braking pressure control unit 
according to the above mode (9), wherein the plurality 
of electromagneticaliy operated hydraulic pressure con- 
trol valves consist of four control valves consisting of a 
first pair of control valves which are included in one of 
the two mutually independent sub-systems and which 
are arranged adjacent to each other, and a second pair 
of control valves which are included in the other of the 
two mutually independent sub-systems and which are 
arranged adjacent to each other such that one of the 
second pair of control valves is adjacent to one of the 
first pair of control valves. 

[0032] The technical feature according to the above 
mode (10) is applicable to a hydraulic braking pressure 
control unit in which a plurality of pressure detecting de- 
vices, rather than the electromagneticaliy operated hy- 
draulic pressure control valves, are arranged as hydrau- 
lic pressure control components, along a straight line on 
one surface of the holder structure. 
[0033] (11) A hydraulic braking pressure control unit 
according to the above mode (9) or (10), wherein the 
four control valves consist of a first pair of control valves 
and a second pair of control valves which are disposed 
on respective opposite sides of a straight line which is 
normal to a segment connecting centers of inner two 
control valves of the four control valves and which pass- 
es a midpoint of the segment, as seen in a plane of the 
above-indicated one surface of the holder structure, the 
first and second pairs of control valves being respective- 
ly included the two mutually independent sub-systems. 
[0034] (12) A hydraulic braking pressure control unit 
according to any one of the above modes (9)-(11), 
wherein the above-indicated one surface of the holder 
structure is bisected into two areas by a bisector line 
which is perpendicular to the straight line, the electro- 
magneticaliy operated hydraulic pressure control valves 
consisting of a first group of control valves and a second 
group of control valves which are respectively included 
in the two mutually independent sub-systems. 
[0035] (13) A hydraulic braking pressure control unit 
according to any one of the above modes (9)-(12), 
wherein the holder structure consists of two halves 
which are located on respective opposite sides of a bi- 
sector plane which includes a bisector line perpendicu- 
lar to the straight line and which is perpendicular to the 
above-indicated one surface, the bisector line being lo- 



cated at a substantially central position on the above- 
indicated one surface as seen in a direction of the 
straight line, the holder structure having at least one first 
fluid passage and at least one second fluid passage 
5 which are respectively formed in the two halves of the 
holder structure. 

[0036] Each fluid passage is preferably formed so as 
to extend in a direction parallel to or perpendicular to 
the bisector line. 

10 [0037] (14) A hydraulic braking pressure control unit 
according to any one of the above modes (8)-(13), 
wherein the pressure-source passage is formed be- 
tween two inner control valves of the four control valves, 
as seen in the above-indicated plane. 

15 [0038] Where the four control valves consist of two 
pairs of control valves which are included in the respec- 
tive two mutually independent sub-systems, the pressu- 
rized fluid delivered from the power-operated hydraulic 
pressure source can be equally utilized by the two sub- 

20 systems, where the pressure-source passage is formed 
between the two pairs of control valves. The pressure- 
source passage may be formed so as to extend along 
the bisector line, as seen in the plane of the above-in- 
dicated one surface of the holder surface. 

25 [0039] (15) A hydraulic braking pressure control unit 
according to any one of the above modes (8)-(14), 
wherein the above-indicated at least one master-cylin- 
der passage consists of two master cylinder passages 
each of which is formed so as to extend between two 

30 adjacent ones of the electromagneticaliy operated hy- 
draulic pressure control valves, as seen in the plane, the 
adjacent ones being included in a corresponding one of 
the two mutually independent two sub-systems. 
[0040] Where the master-cylinder has two pressuriz- 
es ing chambers, the fluid pressurized in one of the two 
pressurizing chambers is supplied to one of the two sub- 
systems, while the fluid pressurized in the other pressu- 
rizing chamber is supplied to the other sub-system. 
[0041] (16) A hydraulic braking pressure control unit 

40 according to any one of the above modes (8)-(15), 
wherein the plurality of electromagneticaliy operated 
pressure control valves includes a master-cylinder cut- 
off valve attached to the one surface, in communication 
with a portion of each of the at least one master-cylinder 

45 passage, which portion is located on one of opposite 
sides of the straight line, the master-cylinder cut-off 
valve being operable to selectively open and close the 
each master-cylinder passage, the unit further including 
a master-cylinder pressure detecting device attached to 

50 the one surface, in communication with another portion 
of the each master-cylinder passage, which another 
portion is located on the other of the opposite sides of 
the straight line, the master-cylinder pressure detecting 
device being operable to detect a pressure of the work- 

55 ing fluid in the each master-cylinder passage. 

[0042] Where the holder structure holds the master- 
cylinder cut-off valve and the master-cylinder pressure 
detecting device as well s the control valves, the function 
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to be performed by the unit is improved. Further, where 
the master-cylinder cut-off vafve and the master-cylin- 
der pressure detecting device are disposed on the re- 
spective opposite sides of the above-indicated straight 
line, the required size of the unit can be made smaller 
than where the cut-off valve and the pressure detecting 
device are disposed on one side of the straight line. 
[0043] (17) A hydraulic braking pressure control unit 
according to the above mode (16), wherein the portion 
of the each master-cylinder passage located on the one 
of the opposite sides of the straight line is connected to 
the master cylinder. 

[0044] (18) A hydraulic braking pressure control unit 
according to any one of the above modes (4)-(17), 
wherein the holder structure has a plurality of fluid pas- 
sages formed in parallel to each other. 
[0045] The fluid passages may include the above-in- 
dicated pressure-source passage and master-cylinder 
passage or passages, and at least one brake-cylinder 
passage connected to at least one brake cylinder. The 
parallel arrangement of these fluid passages permits ef- 
fective utilization of the volume of the holder structure. 
The fluid passages may have the same depth or differ- 
ent depths from the above-indicated one surface of the 
holder structure. The volume of the holder structure can 
be utilized more effectively where the fluid passages are 
formed with different depth values. The fluid passages 
are preferably formed so as to extend in a direction per- 
pendicular to the straight line along which the hydraulic 
pressure control valves are arranged. 
[0046] (19) A hydraulic braking pressure control unit 
according to any one of the above modes (5)-(18), 
wherein the above-indicated at least one at least one 
high-pressure passage consists of a plurality of high- 
pressure passages, and the holder structure has four 
brake-cylinder ports connected to respective four brake 
cylinders, and a plurality of high-pressure ports connect- 
ed to the plurality of high-pressure passages, the four 
brake-cylinder ports and the plurality of high-pressure 
ports being arranged in a zigzag pattern, along respec- 
tive two straight lines which are spaced apart from each 
other, such that the brake-cylinder ports and the high- 
pressure ports are alternately arranged in a direction 
parallel to the two straight lines. 
[0047] The brake-cylinder ports and the high-pres- 
sure ports may be formed in a surface of the holder 
structure which is perpendicular to the direction of ex- 
tension of the fluid passages, for example. The brake- 
cylinder ports and high-pressure ports are connected 
through joints to pipes, hoses or other connecting mem- 
bers, which are in turn connected to the brake cylinders 
or the high-pressure source. Accordingly, spaces for at- 
tachment and manipulation of the joints are required to 
be provided around the ports. Where the brake-cylinder 
ports and high-pressure ports are all arranged along a 
single straight line, the surface of the holder structure in 
which those ports are formed is required to have a rel- 
atively large length along the straight line. Where those 



ports are arranged along the respective two straight 
lines, in a zigzag or staggered pattern, an increase of 
the required length of the surface can be avoided. The 
zigzag arrangement of the brake-cylinder ports and the 

5 high-pressure ports requires that the fluid passages 
communicating with the brake-cylinder ports and the flu- 
id passages communicating with the high-pressure 
ports be formed at different positions in a direction per- 
pendicular to the above-indicated one surface on which 

10 the hydraulic pressure control valves are arranged. 
[0048] (20) A hydraulic braking pressure control unit 
according to any one of the above modes (1)-(19), 
wherein the holder structure includes a portion having 
one surface, and has a plurality of brake-cylinder pas- 

15 sages formed for connection to respective brake cylin- 
ders, and at least one connecting passage each formed 
for communication between two passages of the plural- 
ity of brake-cylinder passages, the electromagnetically 
operated hydraulic pressure control valves including at 

20 least one communication control valve attached to the 
above-indicated portion of the holder structure, the 
above-indicated at least one communication control 
valve being provided for the at least one connecting pas- 
sage and operable to selectively open and close a cor- 

25 responding one of the at least one connecting passage. 
[0049] Where the holder structure of the hydraulic 
braking pressure control unit holds the communication 
control valve or valves, the function of the unit is accord- 
ingly improved. It is desirable to form the plurality of 

30 brake-cylinder passages in parallel with each other, and 
form each connecting passage so as to extend in a di- 
rection perpendicular to the brake-cylinder passages. 
[0050] (21) A hydraulic braking pressure control unit 
including (a) a pressure-increasing control valve opera- 

35 ble to increase a pressure of a working fluid in a brake 
cylinder, by effecting communication of said brake cyl- 
inder with a high-pressure source, (b) a pressure-reduc- 
ing control valve operable to reduce the pressure of the 
working fluid in the brake cylinder, by effecting commu- 

40 nication of the brake cylinder with a low-pressure 
source, (c) a brake-cylinder pressure detecting device 
operable to detect the pressure in the brake cylinder, 
and (d) a holder structure which holds the pressure-in- 
creasing and pressure-reducing control valves and the 

45 brake-cylinder pressure detecting device, and wherein 
the holder structure includes a portion having one sur- 
face, and the pressure-increasing control valve, the 
pressure-reducing control valve and the brake-cylinder 
pressure detecting device are attached to the above-in- 

so dicated portion of the holder structure such thatthe pres- 
sure-reducing and pressure-reducing control valves 
and the brake-cylinder pressure detecting device are ar- 
ranged along a substantially straight line on the above- 
indicated one surface, and such that the brake-cylinder 

55 pressure detecting devices is located at a substantially 
midpoint between the pressure-increasing and pres- 
sure-reducing control valves. 

[0051] Where the brake-cylinder pressure detecting 
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device is attached to the holder structure such that the 
brake-cylinder pressure detecting device is located at a 
substantially midpoint between the pressure-increasing 
and pressure-reducing control valves, changes of the 
fluid pressure by the operations of the pressure-increas- 
ing and pressure-reducing control valves can be equally 
detected by the pressure detecting device. Accordingly, 
this arrangement is effective to reduce inconsistency 
between the pressure increase control and the pressure 
decrease control by those two control valves, making it 
possible to improve the accuracy of control of the hy- 
draulic braking pressure in the brake cylinder. 
[0052] Where the holder structure holds a plurality of 
sets of pressure-increasing and pressure-reducing con- 
trol valves and brake-cylinder pressure detecting devic- 
es, it is desirable to arrange the control valves and pres- 
sure detecting devices such that a plurality of straight 
rows each consisting of the pressure-increasing and 
pressure-reducing control valves and brake-cylinder 
pressure detecting device are parallel to each other. 
That is, the two or more sets of control valves and pres- 
sure detecting devices are desirably arranged in a rec- 
tangular lattice pattern. Although the control valves and 
the pressure detecting devices may be arranged in a 
zigzag or staggered pattern, pressure-increasing and 
pressure-reducing brake-cylinder passages may be 
more conveniently formed commonly for the pressure- 
increasing and pressure-reducing control valves, where 
the control valves and pressure detecting devices are 
arranged in the rectangular lattice pattern, than where 
they are arranged in the zigzag pattern. This aspect will 
be described in detail in the DETAILED DESCRIPTION 
OF THE PREFERRED EMBODIMENTS. 
[0053] The hydraulic braking pressure control unit ac- 
cording to the above mode (21) may include the techni- 
cal features according to any one of the above modes 
(1)-(20). Where the unit according to the mode (21) in- 
cludes the technical feature according to the mode (4), 
for example, the straight line described with respect to 
the mode (4) intersects the straight line described with 
respect to the mode (21), preferably at right angles. 
[0054] The hydraulic braking pressure control unit ac- 
cording to the above mode (21) may further include the 
technical feature according to any one of the following 
modes (28), (32), (33), (36), (38), (40) and (41). 
[0055] (22) A hydraulic braking pressure control unit 
according to the above mode (21), wherein the holder 
structure has a pressure-increasing brake-cylinder pas- 
sage connecting the brake-cylinder pressure detecting 
device and the pressure-increasing control valve, and a 
pressure-reducing brake-cylinder passage connecting 
the brake-cylinder pressure detecting device and the 
pressure-reducing control valve, the pressure-increas- 
ing brake-cylinder passage and the pressure-reducing 
brake-cylinder passage being formed at different posi- 
tions in a direction perpendicular to the above-indicated 
one surface of the holder structure. 
[0056] Where the pressure-increasing and pressure- 



reducing control valves have the same construction 
wherein the high-pressure and low-pressure ports of 
each of these control valves are formed at different po- 
sitions in the axial direction of the control valves, the po- 

5 sitional relationship in the above- indicated axial direc- 
tion between the brake-cylinder pressure detecting de- 
vice and the pressure-increasing and pressure-reduc- 
ing brake-cylinder passages is determined by the rela- 
tionship among the pressure-increasing control valve, a 

10 high-pressure port connected to a high-pressure source 
and a brake-cylinder passage connected to the brake 
cylinder, and the relationship among the pressure-re- 
ducing control valve, the brake-cylinder passage and a 
low-pressure passage connected to a reservoir. In the 

15 hydraulic braking pressure control unit according to the 
above mode (22), the pressure-increasing and pres- 
sure-reducing brake-cylinder passages are formed at 
different positions in the axial direction of the brake-cyl- 
inder pressure detecting device (axial direction of the 

20 control valves). 

[0057] Therefore, the arrangement according to the 
above mode (22) eliminates a need of forming a fluid 
passage in the holder structure, so as to extend in the 
axial direction of the control valves, and consequently 

25 eliminate a need of closing the open ends of this fluid 
passage, so that the cost of manufacture of the hydraulic 
braking pressure control unit can be reduced. 
[0058] (23) A hydraulic braking pressure control unit 
according to the above mode (21) or (22), wherein the 

30 holder structure holds at least two straight arrays of 
pressure-increasing control valves, pressure-reducing 
control valves and brake-cylinder pressure detecting 
devices, which are attached to the above-indicated por- 
tion of the holder structure, the holder structure having 

35 at least two brake-cylinder passages formed for com- 
munication with the pressure-increasing and pressure- 
reducing control valves and the brake-cylinder pressure 
detecting device of the above-indicated at least two 
straight arrays, respectively, said holder structure fur- 

40 ther having a connecting passage formed for communi- 
cation between two passages of the at least two brake- 
cylinder passages, the hydraulic braking pressure con- 
trol unit further including a communication control valve 
which is attached to the above-indicated portion of the 

45 holder structure and which is operable to selectively 
open and close the connecting passage. 
[0059] (24) A hydraulic braking pressure control unit 
according to any one of the above modes (4)-(23), 
wherein the control valves includes at least one group 

50 of control valves each consisting of a plurality of elec- 
tromagnetically operated pressure control valves of the 
same kind which are arranged along a substantially 
straight line on the above-indicated surface of the holder 
structure. 

55 [0060] Where the two or more electromagnetically op- 
erated pressure control valves of the same kind (of the 
same size) are arranged along a straight line, the vol- 
ume of the holder structure can be effectively utilized, 
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making it possible to reduce the required size of the 
holder structure and the required size of the hydraulic 
braking pressure control unit. 

[0061] The electromagnetically operated pressure 
control valves of the same kind can be usually connect- 
ed to each other by a single fluid passage. In this case, 
the control valves are desirably arranged along a 
straight line. There are various kinds of electromagnet- 
ically operated pressure control valves, such as a pres- 
sure-increasing control valve, a pressure-reducing con- 
trol valve, a master-cylinder cut-off valve and a commu- 
nication control valve 

[0062] The technical feature according to the above 
mode (24) is applicable to the hydraulic braking pres- 
sure control unit according to any one of the above 
modes (1)-(3). In this case, the two or more hydraulic 
pressure control components of the same kind are ar- 
ranged along a straight line, for instance, the brake-cyl- 
inder pressure detecting devices or the master-cylinder 
pressure detecting devices are arranged along a 
straight line. Further, two or more groups of the hydraulic 
pressure control components of different kinds may be 
arranged such that the corresponding straight rows of 
the components of the different kinds are parallel to 
each other. 

[0063] (25) A holder structure which holds at least 
three hydraulic pressure control components, wherein 
the holder structure includes a portion having one sur- 
face, and the at least three hydraulic pressure control 
components are attached to the above-indicated portion 
of the holder structure such that the hydraulic pressure 
control components are located at respect apexes of at 
least one isosceles triangle. 

[0064] The holder structure according to the above 
mode (25) may include the technical feature according 
to any one of the above modes (1)-(24). 
[0065] (26) A holder structure which holds a plurality 
of electromagnetically operated hydraulic pressure con- 
trol valves such that the hydraulic pressure control 
valves are arranged along a straight line on one surface 
of the holder structure, the holder structure having a plu- 
rality of fluid passages each of which is formed so as to 
extend in a direction intersecting the straight line, be- 
tween two adjacent ones of the plurality of electromag- 
netically operated hydraulic pressure control valves, as 
seen in a plane of the above-indicated one surface. 
[0066] The holder structure according to the above 
modes (26) may include the technical feature according 
to any one of the above modes (1)-(24). 
[0067] (27) A hydraulic braking pressure control unit 
comprising: 

a power-operated hydraulic pressure source includ- 
ing (a) a pump device having a pump operable to 
pressurize a working fluid received from a low-pres- 
sure source and deliver the pressurized fluid, and 
an electric motor operable to drive the pump, and 
(b) an accumulator for storing the pressurized fluid 
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delivered from the pump device; 
a control valve device including a plurality of control 
valves capable of controlling a pressure of the work- 
ing fluid in a brake cylinder, by utilizing the pressu- 

5 rized fluid delivered from the power-operated hy- 
draulic pressure source, the plurality of control 
valves including a pressure-increasing control 
valve disposed between the power-operated hy- 
draulic pressure source and the brake cylinder, and 

10 a pressure-reducing control valve disposed be- 
tween the brake cylinder and the low-pressure 
source; and 

a holder structure which includes a first portion and 
a second portion respectively having a first surface 

15 and a second surface that are opposite to each oth- 
er, the holder structure holding the power-operated 
hydraulic pressure source and the control valve de- 
vice such that a main body portion of each of the at 
least two control valves is attached to the first por- 

20 tion, while main body portions of the accumulator 
and the electric motor are attached to the second 
portion, and such that a first row in which the pres- 
sure-increasing and pressure-reducing control 
valves are arranged and a second row in which the 

25 accumulator and the electric motor are arranged 
are substantially parallel to each other. 

[0068] In the hydraulic braking pressure control unit 
according to the above mode (27), the pressure-in- 

30 creasing and pressure-reducing control valves, electric 
motor and accumulator are arranged on the holder 
structure such that the first row consisting of the control 
valves and the second row consisting of the accumula- 
tor and the electric motor are substantially parallel to 

35 each other. This arrangement assures more effective 
utilization of the volume of the holder structure, than a 
random arrangement of the control valves, accumulator 
and electric motor. Thus, the present arrangement per- 
mits a high degree of integration and significant reduc- 

40 tion of size of the unit. 

[0069] The direction of the first row is defined by a 
straight line connecting the axes or centerlines of the 
pressure-increasing and pressure- reducing control 
valves. Similar definition applies to the direction of the 

45 second row. 

[0070] The hydraulic braking pressure control unit ac- 
cording to the above mode (27) may include the techni- 
cal feature according to any one of the above modes 
(3), (4), (8)-(13),(15), (17) and (22). 

so [0071] (28) A hydraulic braking pressure control unit 
according to the above mode (24), which includes a plu- 
rality of sets of control valves each set consisting of the 
pressure-increasing control valve and the pressure-re- 
ducing control valve, and wherein the rows of the pres- 

55 sure-increasing and pressure-reducing control valves of 
the respective sets are parallel to each other. 
[0072] In the unit according to the above mode (28) 
wherein the plurality of sets of pressure-increasing and 
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pressure-reducing valves are arranged in the respective 
first rows parallel to each other, the volume of the holder 
structure is effectively utilized. 

[0073] The pressure-increasing and pressure -reduc- 
ing control valves may be either arranged in a rectan- 
gular lattice pattern, or alternatively in a zigzag pattern 
such that the adjacent three pressure- increasing control 
valves are located at respective apexes of a first isos- 
celes triangle while the adjacent three pressure -reduc- 
ing control valves are located at respective apexes of a 
second isosceles triangle which is similar to the first 
isosceles triangle and spaced from the first isosceles tri- 
angle in the direction of the first rows. Where the control 
valves are arranged in the rectangular lattice pattern, a 
straight line along which the plurality of pressure-in- 
creasing control valves are arranged and a straight line 
along which the plurality of pressure-reducing control 
valves are arranged are parallel to each other, and these 
straight lines are perpendicular to the first rows. 
[0074] (29) A hydraulic braking pressure control unit 
according to the above mode (27) or (28), wherein the 
main body portions of the electric motor and the accu- 
mulator are located in an almost central part of the sec- 
ond surface, and the plurality of control valves attached 
to the first portion are located on opposite sides of a 
plane which includes axes of the electric motor and the 
accumulator and which is perpendicular to the first and 
second surfaces. 

[0075] Where the control valves are located on the op- 
posite sides of an assembly of the accumulator and 
electric motor, a plurality of brake cylinder can be con- 
veniently controlled by the control valves, by utilizing the 
pressurized fluid delivered from only one power-operat- 
ed hydraulic pressure source. 

[0076] The accuracy of control of the hydraulic brak- 
ing pressure in the brake cylinders can be improved, 
particularly where the control valve device includes a 
plurality of pressure-increasing control valves which are 
arranged to control the pressure of the pressurized fluid 
received from the accumulator and apply the thus con- 
trolled fluid pressure to the brake cylinders, and which 
control valves are located on the opposite sides of the 
accumulator located at the central portion of the second 
surface. This arrangement makes it possible to reduce 
a difference of pressure losses between the accumula- 
tor and the individual pressure-increasing control 
valves. This, the arrangement according to the above 
mode (29) permits the accumulator, electric motor and 
control valves to be located at the optimum positions. 
[0077] (30) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(29), fur- 
ther comprising at least one of (i) a pressure relief valve 
disposed between high-pressure and low-pressure 
sides of the power-operated hydraulic pressure source, 
(ii) an output pressure detecting device operable to de- 
tect an output pressure of the power-operated hydraulic 
pressure source, and (iii) a brake-cylinder pressure de- 
tecting device operable to detect the pressure in the 



1 052A2 16 

brake cylinder, and wherein the above- indicated least 
one of the pressure relief valve, the output pressure de- 
tecting device and the brake-cylinder pressure detecting 
device is attached to the first portion of the holder struc- 
5 ture. 

[0078] The hydraulic braking pressure control unit ac- 
cording to the above mode (30) comprises at least one 
of the above- indicated pressure relief valve, output 
pressure detecting device and brake-cylinder detecting 
10 device, in addition to the power-operated hydraulic pres- 
sure source and the control valve device. Accordingly, 
the function of the unit is improved, so that a braking 
system including the unit can be simplified in construc- 
tion. 

15 [0079] The hydraulic braking pressure in the brake 
cylinder is controlled by the control valves, by utilizing 
the pressurized fluid delivered from the power-operated 
hydraulic pressure source. The control valves may be 
controlled on the basis of the fluid pressure detected by 

20 the output pressure detecting device and the hydraulic 
braking pressure detected by the brake-cylinder detect- 
ing device. Where electromagnetically operated ones of 
the control valves, the output pressure detecting device 
and the brake-cylinder detecting device are attached to 

25 the same portion of the holder structure, their lead wires 
can be comparatively easily bundled together. 
[0080] While the pressure relief valve may be at- 
tached to the second portion rather than the first portion, 
it is usually more advantageous to attach the pressure 

30 relief valve to the first portion. 

[0081] (31) A hydraulic braking pressure control unit 
according to the above mode (30), wherein the first sur- 
face and the second surface of the holder structure are 
parallel to each other, and the pressure relief valve and 

35 the output pressure detecting device attached to the first 
plane are located near a plane which includes axes of 
the electric motor and the accumulator and which is per- 
pendicular to the first and second surfaces. 
[0082] The pressure relief valve is provided to prevent 

40 an excessive rise of the delivery pressure of the pump, 
while the output pressure detecting device is provided 
to detect the delivery pressure of the pump or the pres- 
sure of the pressurized fluid in the accumulator 
[0083] In view of the functions of the pressure relief 

45 valve and the output pressure detecting device, they are 
desirably disposed in a portion of the first surface which 
is near a portion of the second surface in which the elec- 
tric motor and the accumulator are disposed. Where the 
electric motor and the accumulator are disposed in an 

50 almost central part of the second surface, for instance, 
the output pressure detecting device and the pressure 
relief valve are also located in an almost central part of 
the first surface, for example. This arrangement makes 
it possible to reduce the required lengths of the fluid pas- 

55 sage connecting the pump and accumulator to the pres- 
sure relief valve, and the fluid passage connecting the 
pump and accumulator to the output pressure detecting 
device, so that these hydraulic components can be con- 
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veniently located. 

[0084] (32) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(31 ), fur- 
ther comprising a master-cylinder cut-off valve operable 
between an open state for communication between the 
brake-cylinder and a master cylinder operable to pres- 
surize the working fluid to a pressure corresponding to 
a force of operation of a brake operating member by an 
operator, and a closed state for isolating the brake cyl- 
inder from the master cylinder, and wherein the master- 
cylinder cut-off valve is attached to the first portion of 
the holder structure. 

[0085] Where the master-cylinder cut-off valve is also 
attached to the holder structure, the function of the unit 
can be further improved. A master-cylinder pressure de- 
tecting device operable to detect the pressure of thefluid 
in the master cylinder may also be attached to the first 
portion of the holder structure. 

[0086] (33) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(32), 
wherein the plurality of control valves are attached to 
the first portion such that axes of the control valve are 
substantially perpendicular to the first surface, while the 
electric motor and the accumulator are attached to the 
second portion such that axes of the electric motor and 
the accumulator are substantially perpendicular to the 
second surface. 

[0087] Where the control valves include a master-cyl- 
inder cut-off valve and a pressure relief valve, as de- 
scribed, these valves may also be attached to the first 
portion such that their axes are substantially perpendic- 
ular to the first surface. Where the unit further includes 
an output pressure detecting device, a brake-cylinder 
pressure detecting device and a mater-cylinder pres- 
sure detecting device, as described above, these de- 
tecting devices may also be attached to the first portion 
such that their axes are substantially perpendicular to 
the first surface. Since the first and second surfaces are 
parallel to each other, all of the hydraulic components 
held by the holder structure are attache such that their 
axes are parallel to each other. 

[0088] (34) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(33), 
wherein the holder structure has a low-pressure pas- 
sage connected to the low-pressure source, and a high- 
pressure passage connected to the accumulator, the 
low-pressure and high-pressure passages being 
formed in an almost middle part of the holder structure 
as seen in a plane of the second surface. 
[0089] Where the accumulator and the electric motor 
are located in an almost middle part of the second sur- 
face, the high-pressure passage connected to the ac- 
cumulator and the low-pressure passage connected to 
the low-pressure source formed in the holder structure 
are located in the almost middle part of the second sur- 
face, as seen in the plane of the second surface. 
[0090] The low-pressure passage may be a passage 
formed in communication with a suction passage of the 



pump, or a passage formed in communication through 
an exclusive port with a reservoir provided outside the 
present hydraulic braking pressure control unit. Where 
the low-pressure passage is held in communication with 
5 the suction passage of the pump, the required number 
of the ports can be reduced, and the required size of the 
unit can be reduced. 

[0091] (35) A hydraulic braking pressure control unit 
according to the above mode (34), wherein the low- 

10 pressure and high-pressure passages are formed sub- 
stantially parallel to each other. 
[0092] The high-pressure and low-pressure passag- 
es may be parallel to each other as seen in a direction 
perpendicular to the first and second surfaces, or as 

15 seen in a direction parallel to the first and second sur- 
faces. In other words, the high-pressure and low-low 
pressure passages may be formed such that these pas- 
sages are spaced from each other as seen in the direc- 
tion perpendicular to the first surface, or such that those 

20 passages overlap each other as seen in the direction 
perpendicular to the first surface, but are spaced apart 
from each other in the direction perpendicular to the first 
surface. 

[0093] (36) A hydraulic braking pressure control unit 

25 according to the above mode (34) or (35), wherein the 
pressure-reducing control valve is held in communica- 
tion with the low-pressure passage, while the pressure- 
increasing valve is held in communication with the high- 
pressure passage. 

30 [0094] (37) A hydraulic braking pressure control unit 
according to any one of the above modes (34)-(36), fur- 
ther comprising a pressure relief valve disposed be- 
tween high-pressure and low-pressure sides of the pow- 
er-operated hydraulic pressure source, and wherein the 

35 pressure relief valve is connected to both the low-pres- 
sure and high-pressure passages. 
[0095] Where the pressure-increasing control valve is 
held in communication with the high-pressure passage 
while the pressure-reducing control valve is held in com- 

40 munication with the low-pressure passage, the pressure 
relief valve is desirably disposed between the high-pres- 
sure and low-pressure passages, for eliminating a need 
of providing an exclusive fluid passage for the pressure 
relief valve, so that the required number of the fluid pas- 

45 sages can be reduced, making it possible to reduce the 
required size of the hydraulic braking pressure control 
unit. 

[0096] The high-pressure passage is usually provided 
with an output pressure detecting device for detecting 

so the output pressure of the power-operated hydraulic 
pressure source. In this case, the pressure relief valve 
and the output pressure detecting device are disposed 
relatively close to each other. The pressure relief valve 
is required to be held in communication with both of the 

55 high-pressure and low-pressure passages, while the 
output pressure detecting device is required to be dis- 
posed so as to prevent an interference with the low- 
pressure passage. To this end, the high-pressure and 
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low-pressure passages are connected to the respective 
high-pressure and low-pressure ports of the pressure 
relief valve, for example, so that the high-pressure and 
low-pressure passages are separated from each other 
with the pressure relief valve interposed therebetween. 
This arrangement permits the low-pressure passage to 
be formed, so as to prevent an interference with the out- 
put pressure detecting device. Thus, the pressure relief 
valve can be provided without forming an exclusive fluid 
passage, thereby making it possible to reduce the re- 
quired size of the unit. 

[0097] (38) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(37), 
wherein the holder structure has a plurality of brake-cyl- 
inder passages which are held in communication with a 
plurality of brake cylinders, respectively and which are 
formed in parallel with each other. 
[0098] The plurality of brake-cylinder passages can 
be efficiently formed in the holder structure, where the 
brake-cylinder passages extend in parallel with each 
other. For instance, the high-pressure and low-pressure 
passages are formed in an almost middle or central part 
of the holder structure, while the brake-cylinder passag- 
es are formed on opposite sides of the high-pressure 
and low-pressure passages. Where a braking system 
including the present unit has two sub-systems, the 
brake-cylinder passages may be formed such that the 
brake-cylinder passage connected to each brake cylin- 
der of one of the sub-systems is/are located on one of 
the opposite sides of the passages, while the brake-cyl- 
inder passage connected toe ach brake cylinder of the 
other sub-system is/are located on the otherside. Asim- 
ilar arrangement is applicable where a plurality of sets 
of pressure-increasing and pressure-reducing control 
valves are disposed along respective parallel first rows 
corresponding to respective brake cylinders. 
[0099] At least one master-cylinder passage commu- 
nicating with a master cylinder may be formed in parallel 
with the brake-cylinder passages. Each master-cylinder 
passage may be spaced from the brake-cylinder pas- 
sages as seen in a direction perpendicular to the first 
surface of the holder structure, or may overlap one of 
the brake-cylinder passages as seen in the direction 
perpendicular to the first surface, but are spaced from 
each other as seen in a direction parallel to the first sur- 
face. 

[0100] (39) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(38), 
wherein the accumulator includes a housing, a partition 
member which fluid-tightly divides an interior of the 
housing into two variable-volume chambers, and a con- 
necting portion which is held in communication with one 
of the two variable-volume chambers and which has two 
ports that are spaced from each other in an axial direc- 
tion of the housing, the two ports consisting of an inner 
port located at an end of the connecting portion, and an 
intermediate port located between the inner port and the 
one variable-volume chamber, and where the pressure- 



increasing control valve is connected to the inner port 
while the pump device is connected to the intermediate 
port. 

[0101] The pump and the pressure-increasing control 
5 valve are connected to the accumulator at different axial 
positions of the accumulator. In this arrangement, a fluid 
passage connected to the pump and a fluid passage 
connected to the pressure-increasing control valve may 
be formed in the holder structure such that these two 
10 fluid passages overlap each other as seen in the direc- 
tion perpendicular to the second surface, but are spaced 
apart from each other as seen in the direction parallel 
to the second surface. 

[0102] Each fluid passage is usually formed in the 
15 holder structure, so as to extend linearly in a direction 
parallel to the first or second surface. Accordingly, two 
hydraulic components connected to each other by the 
fluid passage are usually attached to the holder struc- 
ture, with suitable amounts of local embedment and pro- 
20 jection of the components in and from the holder struc- 
ture, such that two ports of the two components are lo- 
cated at the same position in the direction perpendicular 
to the second surface (in the direction of thickness of 
the holder member between the first and second surfac- 
es es). 

[0103] For instance, the amounts of local embedment 
and projection of the accumulator and the pressure-in- 
creasing control valve in and from the holder structure 
in the direction of thickness of the holder structure, and 

30 the positions in this direction of a delivery passage of 
the pump and a supply passage connecting the accu- 
mulator and the pressure-increasing control valve are 
determined so that the discharge port of the pump and 
the pump-side port of the accumulator are located at the 

35 same position in the direction of thickness of the holder 
structure (at the same depth position from the first or 
second surface), while the control-valve side port of the 
accumulator and the high-pressure port of the pressure- 
increasing control valve are located at the same position 

40 in the direction of thickness. 

[0104] (40) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(39), 
wherein each of the pressure-increasing control valve 
and the pressure-reducing control valve has a high- 

45 pressure port formed at one end thereof, and a low-pres- 
sure port located between the above-indicated one end 
and other end as seen in an axial direction of the control 
valve. 

[0105] Each of the pressure-increasing and pressure- 
50 reducing control valves includes a connecting portion 
having the ports, and a solenoid. The connecting portion 
is a portion of a seating valve in which the ports are 
formed. The connecting portion and the solenoid are lo- 
cated relatively near the inner and outer end portions of 
55 the control valve, respectively. Usually, the control valve 
is embedded at its inner end portion in the holder struc- 
ture, while at least a portion of the solenoid projects from 
the first surface of the holder structure. This arrange- 



21 epi: 

ment is applicable to the master-cylinder cut-off valve 
described above. 

[0106] (41) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(40), 
wherein the holder structure further includes a third por- 
tion having a third surface which intersects said first and 
second surfaces, the holder structure having ports open 
in the third surface, for connection to the low-pressure 
source and the brake cylinder. 

[0107] Where the plurality of ports for connection with 
the low-pressure source and brake cylinder are open in 
one surface of the holder structure, the hydraulic braking 
pressure control unit can be easily installed on a desired 
member, such as a member of the body of an automo- 
tive vehicle for which the unit is used. 
[0108] In the unit according to the above mode (41), 
the electric motor and the accumulator are desirably at- 
tached to the second portion of the holder structure such 
that the electric motor is relatively near the third surface 
while the accumulator is relatively distant from the third 
surface. This arrangement is effective to reduce a re- 
sistance of flow of the working fluid from the low-pres- 
sure source to the pump, and is accordingly effective to 
reduce pressure pulsation of the pressurized fluid deliv- 
ered from the pump. 

[0109] The pump driven by the electric motor may be 
a plunger pump or a gear pump. The port for connection 
with the master cylinder is desirably formed to be open 
also in the third surface. 

[0110] (42) A hydraulic braking pressure control unit 
according to any one of the above modes (27)-(41), fur- 
ther comprising at least one of (i) a reservoir for storing 
the working fluid discharged from the brake cylinder, and 
(ii) a stroke simulator for connection to a master cylinder, 
for flows of the working fluid between the stroke simu- 
lator and the master cylinder as a pressurizing piston of 
the master cylinder is moved, and wherein the holder 
structure holds the above-indicated at least one of the 
reservoir and the stroke simulator. 
[01 1 1 ] The reservoir and/or the stroke simulator may 
be attached to the holder structure. 
[0112] (43) A hydraulic braking pressure control unit 
comprising: 

a power-operated hydraulic pressure source includ- 
ing (a) a pump device having a pump operable to 
pressurize a working fluid received from a low-pres- 
sure source and deliver the pressurized fluid, and 
(b) an accumulator for storing the pressurized fluid 
delivered from the pump device; 
a control valve device including a plurality of control 
valves capable of controlling a pressure of the work- 
ing fluid in respective brake cylinders, by utilizing 
the pressurized fluid delivered from the power-op- 
erated hydraulic pressure source, the brake cylin- 
ders being operable to activate respective brakes 
for braking respective wheels of a vehicle; and 
a holder structure which holds the power-operated 
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hydraulic pressure source and the control valve de- 
vice and which includes a first portion and a second 
portion respectively having a first surface and a sec- 
ond surface which are opposed to each other, 

5 and wherein the control valve device includes a plu- 
rality of pressure-increasing control valves dis- 
posed between the power-operated hydraulic pres- 
sure source and the brake cylinders, respectively, 
and a plurality of pressure-reducing control valves 

10 disposed between the low-pressure source and the 
brake cylinders, respectively, and main bodies of 
the accumulator and the electric motor are attached 
to an almost middle part of the second surface of 
the holder structure, the plurality of pressure-in- 

15 creasing control valves and the plurality of pres- 
sure-reducing control valves consisting of two 
groups of control valves which are attached to re- 
spective two areas of the first surface which are lo- 
cated on opposite sides of a row in which the accu- 

20 mulator and said electric motor are arranged on the 
second surface. 

[0113] The hydraulic braking pressure control unit ac- 
cording to the above mode (43) may include the techni- 
cs cal feature according to any one of the above modes 
(3), (4), (8)-(3), (15), (17), (22), and (27)-(42). 
[0114] (44) A holder structure of generally block 
shape for holding at least one control valve, and a pow- 
er-operated hydraulic pressure source including (a) a 
30 pump device having a pump operable to pressurize a 
working fluid received from a low-pressure source and 
deliver the pressurized fluid, and (b) an accumulator for 
storing the pressurized fluid delivered from the pump de- 
vice, the holder structure having: 

35 

a first portion and a second portion respectively 
having a first surface and a second surface which 
are opposed to each other; 
at least one control-valve recess each of which is 
40 open in the first surface, for receiving at least a por- 
tion of a corresponding one of the at least one con- 
trol valve; 

an accumulator recess which is open in the second 
surface, for receiving at least a portion of the accu- 

45 mulator; 

a drive-force transmitting recess which is open in 
the second surface, for receiving a drive-force 
transmitting portion of the power-operated hydrau- 
lic pressure source which is arranged to transmit a 

50 rotary motion of the electric motor to the pump. 

[0115] (45) A hydraulic braking pressure control unit 
comprising: 

55 a power-operated hydraulic pressure source includ- 
ing (a) a pump device having a pump operable to 
pressurize a working fluid received from a low-pres- 
sure source and deliver the pressurized fluid, and 
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an electric motor operable to drive the pump, and 
(b) an accumulator for storing the pressurized fluid 
delivered from the pump device; 
a control valve device including at least one control 
valve capable of controlling a pressure of the work- 
ing fluid in a brake cylinder, by utilizing the pressu- 
rized fluid delivered from the power-operated hy- 
draulic pressure source; and 
a holder structure which holds the power-operated 
hydraulic pressure source and the control valve de- 
vice. 

[0116] In a braking system including the hydraulic 
braking pressure control unit according to the above 
mode (45), the pressure of the fluid in the brake cylinder 
is controlled by the control valve device, by utilizing the 
pressurized fluid delivered from the power-operated hy- 
draulic pressure source. Where the control valve device 
controls a plurality of brake cylinders, at least one con- 
trol valve may be provided for each other the brake cyl- 
inders, or for two or more of the brake cylinders. 
[0117] In the present hydraulic braking pressure con- 
trol unit, the single holder structure holds the power-op- 
erated hydraulic pressure source and the control valve 
device. The fluid pressure in each brake cylinder can be 
controlled by controlling the power-operated hydraulic 
pressure source and the control valve device held by 
the single holder structure. 

[01 1 8] The holder structure preferably takes the form 
of a holder block, desirably, a generally hexahedron 
block. A hexahedron has three pairs of opposite surfac- 
es. However, the opposite surfaces of each pair may be 
either parallel to each other or not parallel to each other. 
It is possible that the opposite surfaces of one pair or 
each of two pairs are parallel to each other while the 
opposite surfaces of the other pair or pairs are not par- 
allel to each other. Where the holder structure is a rec- 
tangular parallelepiped, the opposite surfaces of each 
of the three pairs are parallel to each other. The volume 
of the holder structure can be relatively efficiently uti- 
lized for forming fluid passages where the holder struc- 
ture takes the form of a rectangular parallelepiped. Fur- 
ther the fluid passages can be relatively easily formed 
in the rectangular parallelepiped. In addition, the control 
valve device and the power-operated hydraulic pres- 
sure source can be easily attached to the rectangular 
parallelepiped, and the hydraulic braking pressure con- 
trol unit can be easily attached to the body of a vehicle. 
[01 1 9] The hydraulic braking pressure control unit ac- 
cording to the above mode (45) may include the techni- 
cal feature according to any one of the above modes 
(27-44). 

[0120] (46) A hydraulic braking pressure control unit 
according to the above mode (45), wherein the holder 
structure has a first portion and a second portion respec- 
tively having a first surface and a second surface which 
are opposed to each other, and holds the above-indicat- 
ed at least one control valve such that a main body por- 



tion of each control valve is fixed to the first portion of 
the holder structure, while main body portions of the ac- 
cumulator and the electric motor are fixed to the second 
portion of the holder structure. 

5 [0121] In the hydraulic braking pressure control unit 
according to the above mode (46), the main body portion 
of each of the at least one control valve is attached to 
the first portion of the holder structure, while the main 
body portion of each of the electric motor and accumu- 

10 lator is attached to the second portion of the holder 
strucgture. Namely, the accumulator is not disposed on 
a third portion having a third surface other than the first 
and second surfaces, the control valve device and the 
power-operated hydraulic pressure source can be effi- 

15 ciently disposed on the holder structure, so that the re- 
quired size of the unit can be reduced. 
[0122] Where the main body portion of the control 
valve is attached to the first portion of the holder struc- 
ture, the control valve is usually attached to the holder 

20 structure such a portion of the main body portion is re- 
ceived in a recess open in the first surface while the re- 
maining portion projects from the first surface. The por- 
tion received in the recess may be larger or smaller than 
the portion projecting from the first surface. In either 

25 case, the recess formed in the holder structure may 
function as a part of the control valve. In this case, the 
recess and the main body portion constitute the control 
valve. Where the recess does not function as a part of 
the control valve, in other words, where the control valve 

30 is complete before attachment to the holder structure, 
the main body portion alone constitutes the control 
valve. The recess functioning as a part of the control 
valve may partially define a fluid chamber or a fluid pas- 
sage. The above description is applicable to the accu- 

35 mulator. 

[01 23] The electric motor may be attached to the hold- 
er structure such that a drive portion of the motor 
projects from the second surface while a drive-force 
transmitting portion of the motor is received in a hole 

40 open in the second surface. Where the pump is a plung- 
er pump, for instance, an eccentric-cam portion serving 
as the drive-force transmitting portion of the electric mo- 
tor is received in the hole, while the drive portion projects 
from the second surface. The eccentric-cam portion 

45 may be considered to be an element of the pump. In this 
case, a rotation transmitting portion which transmits a 
rotary motion of the drive portion to the eccentric-cam 
portion may be considered to be the drive-force trans- 
mitting portion of the electric motor. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0124] The above and other objects, features, advan- 
tages and technical and industrial significance of the 
55 present invention will be better understood by reading 
the following detailed description of presently preferred 
embodiments of the invention, when considered in con- 
nection with the accompanying drawings, in which: 
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Fig. 1 is a circuit diagram of a braking system in- 
cluding a hydraulic braking pressure control unit 
constructed according to one embodiment of this in- 
vention; 

Fig. 2 is a schematic view of an accumulator pro- 
vided in the hydraulic braking pressure control unit 
of Fig. 1; 

Fig. 3 is an elevational view in cross section sche- 
matically showing a linear control valve provided in 
the hydraulic braking pressure control unit of Fig. 1 ; 
Fig. 4 is a view schematically showing a general ar- 
rangement of the hydraulic braking pressure control 
unit; 

Fig. 5 is a plane view of the hydraulic braking pres- 
sure control unit; 

Fig. 6 is a cross sectional view of the pressure con- 
trol unit taken along line 6-6 of Fig. 5; 
Fig. 7 is a cross sectional view of the pressure con- 
trol unit taken along line 7-7 of Fig. 5; 
Fig. 8 is a cross sectional view of the pressure con- 
trol unit taken along line 8-8 of Fig. 5; 
Fig. 9 is a cross sectional view of the pressure con- 
trol unit taken along line 9-9 of Fig. 5; 
Fig. 1 0 is a cross sectional view of the pressure con- 
trol unit taken along line 10-10 of Fig. 5; 
Fig. 11 is a cross sectional view of the pressure con- 
trol unit taken along line 11-11 of Fig. 5; 
Fig. 1 2 is a cross sectional view of the pressure con- 
trol unit taken along line 12-12 of Fig. 5; 
Fig. 1 3 is a cross sectional view of the pressure con- 
trol unit taken along line 13-13 of Fig. 5; 
Fig. 1 4 is a cross sectional view of the pressure con- 
trol unit taken along line 14-14 of Fig. 5; 
Fig. 15 is a circuit diagram of a braking system in- 
cluding a hydraulic braking pressure control unit 
constructed according to another embodiment of 
this invention; 

Fig. 16 is a plan view of the hydraulic braking pres- 
sure control unit of Fig. 15; 
Fig. 17 is a cross sectional view of the hydraulic 
braking pressure control unit taken along line 17-17 
of Fig. 16; 

Fig. 1 8 is a cross sectional view of the pressure con- 
trol unit taken along line 18-18 of Fig. 16; 
Fig. 1 9 is a cross sectional view of the pressure con- 
trol unit taken along line 19-19 of Fig. 16; 
Fig. 20 is a perspective view of the pressure control 
unit of Fig. 16; and 

Fig. 21 is a perspective view of the pressure control 
unit of Fig. 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0125] Referring Figs. 1-14, there will be described an 
automotive vehicle braking system incorporating a hy- 
draulic braking pressure control unit constructed ac- 
cording to one embodiment of this invention. In Fig. 1, 



reference numeral 10 denotes a hydraulic braking pres- 
sure control unit. This hydraulic braking pressurecontrol 
unit 10 (hereinafter referred to simply as "unit 10") in- 
cludes a power-operated hydraulic pressure source 12, 

5 a hydraulic pressure control valve device 14 and a plu- 
rality of hydraulic pressure sensors. The hydraulic pres- 
sure control valve device 14 includes a plurality of hy- 
draulic pressure control valves. The unit 10 has a plu- 
rality of ports to which are connected a master cylinder 

10 20, brake cylinders 22 for front wheels FL, FR, brake 
cylinders 24 for rear wheels RL, RR, and a master res- 
ervoir 26. 

[01 26] The master cylinder 20 is of a tandem type in- 
cluding two pressurizing pistons one of which is opera- 
's tively connected to a brake operating member in the 
form of a brake pedal 30. The front surfaces of the two 
pressurizing pistons partially define respective pressu- 
rizing chambers to which are connected respective fluid 
passages 32, 34. The brake cylinder 22 for the front right 

20 wheel FR is connected through the unit 10 to the fluid 
passage 32, while the brake cylinder 22 for the front left 
wheel FL is connected through the unit 10 to the other 
fluid passage 34. In the present embodiment, the two 
pressurizing chambers are connected to the two front 

25 wheel brake cylinders 22, respectively. 

[0127] The power-operated hydraulic pressure 
source 12 is connected to the brake cylinders 22 for the 
front right and left wheels, and to the brake cylinders 24 
for the rear right and left wheels. The front right and left 

30 wheel brake cylinders 22 are connected to both of the 
master cylinder 20 and the power-operated hydraulic 
pressure source 12, while the rear right and left wheel 
brake cylinders 24 are not connected to the master cyl- 
inder 20, but are connected to only the power-operated 

35 hydraulic pressure source 12. Hydraulic braking pres- 
sures in the wheel brake cylinders 22, 24 are controlled 
by the plurality of pressure control valves of the control 
valve device 14, by utilizing the pressurized fluid deliv- 
ered from the power-operated hydraulic pressure 

40 source 12. 

[0128] The fluid passage 32 consists of a first portion 
between the master cylinder 20 and the unit 1 0, a sec- 
ond portion formed within the unit 1 0, and a third portion 
between the unit 10 and the front right wheel brake cyl- 

45 jnder 22, The first portion is connected to a port 40 of 
the unit 1 0, while the third portion is connected to a port 
42 of the unit 1 0. Similarly, the fluid passage 34 consists 
of a first portion connecting the master cylinder 20 and 
a port 42 of the unit 1 0, a second portion formed through 

50 the unit 10, and a third portion connecting a port 43 of 
the unit and the front left wheel brake cylinder 22. 
[0129] The rear right wheel brake cylinder 24 is con- 
nected through a fluid passage to a unit 44 of the unit 
10, while the rear left wheel brake cylinder 24 is con- 

55 nected through a fluid passage to a port 45 of the unit 1 0. 
[0130] The power-operated hydraulic pressure 
source 12 includes a pump device 50, and an accumu- 
lator 52. The pump device 50 includes a plunger pump 
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54 of two cylinder type (hereinafter referred to simply as 
"pump 54"), an electric motor 56 serving as a pump mo- 
tor to drive the pump 54, and an eccentric cam portion 
(not shown) serving as a drive-force transmitting por- 
tion. The pump 54 has two cylinders. The eccentric cam 
portion has an eccentric cam which is rotated by a drive 
force produced by the motor 56, to reciprocate pistons 
within the respective two cylinders. The pump 54 is con- 
nected to the master reservoir 26 through a reservoir 
passage 60, so that the pump 54 is operated to pressu- 
rize a working fluid received from the master reservoir 
26. 

[01 31 ] To the discharge side of the pump 54, there is 
connected the accumulator 52, which stores or accom- 
modates the pressurized fluid delivered from the pump 
54. The pressure of the pressurized fluid stored in the 
accumulator 52 is detected by an accumulator pressure 
sensor 62. The motor 56 is controlled such that the pres- 
sure detected by the accumulator pressure sensor 62 is 
held within a predetermined range. 
[0132] A fluid passage connecting the discharge side 
of the pump 54 and the reservoir passage 60 is provided 
with a pressure relief valve 64, which is provided to pre- 
vent an excessive rise of the delivery pressure of the 
pump 54. The reservoir passage 60 has a portion con- 
necting the master reservoir 26 and a port 66 of the unit 
10. 

[0133] As shown in Fig. 2, the accumulator 52 in- 
cludes an accumulator portion 70 and a connecting por- 
tion 72. The accumulator portion 70 is of bellows type, 
including a housing 73 and a partition member 76 which 
divides the interior space of the housing 73 into two var- 
iable-volume chambers 74, 75. The partition member 76 
consists of a metallic bellows 76a, a bottom plate 76b 
and a sealing member 76c. The variable-volume cham- 
ber 74 (gas chamber) is charged with a high-pressure 
gas, while the other variable-volume chamber 75 is used 
to store the pressurized fluid delivered from the pump 
54. 

[0134] The connecting portion 72 has two ports 77, 
78 which are spaced from each other in the axial direc- 
tion of the accumulator 52. The port 77 at the end of the 
connecting portion 72 is connected to a pressure-in- 
creasing linear control valve 84 (which will be de- 
scribed), while the port 78 at an intermediate part of the 
connecting portion 72 is connected to the pump 54. 
[01 35] The hydraulic pressure control valve device 1 4 
includes two solenoid-operated shut-off valves 80, 82 
and four sets of linear control valves 84, 86. Each of the 
shut-off valves 80, 82 is selectively opened and closed 
to selectively permit and inhibit a flow of the fluid there- 
through, upon application and removal of an electric cur- 
rent to and from its coil. Each of the linear control valves 
84, 86 is capable of continuously controlling a pressure 
difference on its opposite sides. 
[0136] Each of the shut-off valves 80, 82 and linear 
control valves 84, 86 has two ports communicating with 
the appropriate fluid passages. The two ports are 
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spaced from each other in the axial direction of the 
valve. 

[0137] The solenoid-operated two shut-off valves 
880, 82 are provided between the master cylinder 20 

5 and the respective brake cylinders 22 for the front right 
and left wheels, to selectively permit and inhibit commu- 
nication of the wheel brake cylinders 22 with the master 
cylinder 20. In this sense, the solenoid-operated shut- 
off valves 80, 82 may be called master-cylinder cut-off 

10 valves. 

[0138] The four sets of linear control valves 84, 86 are 
provided for the respective four wheel brake cylinders 
22, 24. The linear control valve 84 of each set, which 
serves as pressure-increasing linear control valve, is 

15 provided in a fluid passage 88 connecting the corre- 
sponding wheel brake cylinder 22, 24 and the accumu- 
lator 52. The other linear control valves 86 of the set, 
which serves as a pressure-reducing linear control 
valve, is provided in a fluid passage 89 connecting the 

20 corresponding wheel brake cylinder 22, 24 and the res- 
ervoir 26. In the present embodiment, the hydraulic 
braking pressure in each wheel brake cylinder 22, 24 is 
controlled by the pressure-increasing and pressure-re- 
ducing linear control valves 84, 86, by utilizing the pres- 

25 surized fluid delivered from the power-operated hydrau- 
lic pressure source 12, while the solenoid-operated 
shut-off valves 80, 82 are held in the closed state (that 
is, while the wheel brake cylinder 22, 24 is isolated from 
the master cylinder 20). 

30 [0139] As shown in Fig. 3, each of the pressure-in- 
creasing and pressure-reducing linear control valves 
84, 86 includes a seating valve 90, and a solenoid 93 
provided with a coil 92. The seating valve 90 has a high- 
pressure port 94 at its end, and a low-pressure port 96 

35 at an axially intermediate portion thereof. 

[0140] The seating valve 90 has a valve seat 100, a 
valve member 1 02 movable toward and away from the 
valve seat 1 00, and a spring 1 04 biasing the valve mem- 
ber 1 02 in a direction that causes the valve member 1 02 

40 to be seated on the valve seat 100. The high-pressure 
port 94 is open in the valve seat 100. While no electric 
current is applied to the coil 92, the valve member 102 
is held seated on the valve seat 100, under a biasing 
action of the spring 104, so that the seating valve 90 is 

45 held in the closed state. While an electric current is ap- 
plied to the coil 92, the solenoid 93 produces an elec- 
tromagnetic force acting on the valve member 1 02 in a 
direction that cause the valve member 1 02 to be moved 
away from the valve seat 1 00. At the same time, a force 

so based on a difference between the fluid pressures at the 
high-pressure and low-pressure ports 94, 97 acts on the 
valve member 1 02 in the direction to cause the movable 
member 1 02 to be moved away from the valve seat 1 00. 
A position of the valve member 1 02 relative to the valve 

55 seat 1 00 is determined by the electromagnetic force, the 
biasing force of the spring 104 and the force based on 
the pressure difference, so that the pressure difference 
across the seating valve 90 can be controlled by con- 
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trolling the amount of electric current to be applied to 
the coil 90. 

[0141] A portion of the seating valve 90 having the 
high-pressure port 94 and the low-pressure port 96 con- 
stitutes a connecting portion 1 06. In the present embod- 
iment, the entirety of each of the pressure-increasing 
linear control valves 84 and the pressure-reducing linear 
control valves 86 is considered to be a main body portion 
of a control valve which is capable of functioning to con- 
trol the hydraulic braking pressure in the corresponding 
wheel brake cylinder 22, 24. 

[0142] Each pressure-reducing linear control valve 84 
is connected at its high-pressure port 94 to the power- 
operated hydraulic pressure source 12, and at its low- 
pressure port 96 to the corresponding wheel brake cyl- 
inder 22, 24. On the other hand, each pressure-reducing 
linear control valve 96 is connected at its high-pressure 
port 94 to the corresponding wheel brake cylinder 22, 
24, and at its low-pressure port 96 to the reservoir 26. 
[0143] Each of the master-cylinder cut-off valves 80, 
82 described above includes a seating valve and a so- 
lenoid, and is similar in arrangement with the linear con- 
trol valves 84, 86. However, the master-cylinder cut-off 
valves 80, 82 are different from the linear control valves 
84, 86 in that the cut-off valves 80, 82 are merely opened 
and closed upon energization and deenergization of a 
solenoid coil, without a control of the amount of electric 
current applied to the coil, and in that the valve member 
is biased by a spring, in a direction that causes the valve 
member to be moved away from the valve seat. Each 
master-cylinder cut-off valve 80, 82 is a normally open 
valve which is held in the open state while the coil is in 
the deenergization state. 

[01 44] The pressure of the pressurized fluid delivered 
from the master cylinder 20 is detected by two master- 
cylinder pressure sensors 120, while the pressures of 
the fluid in the wheel brake cylinders 22, 24 are detected 
by respective four brake-cylinder pressure sensors 1 22. 
The two master-cylinder pressure sensors 120 are con- 
nected to the respective two pressurizing chambers of 
the master cylinder 20, while the four brake-cylinder 
pressure sensors 122 are connected to the respective 
fluid passages connected to the respective four wheel 
brake cylinders 22, 24. 

[01 45] The fluid passage 32 is provided with a stroke 
simulator device 140, which includes a stroke simulator 
1 42 and a simulator control valve 1 44. While the master- 
cylinder cut-off valves 80, 82 are held in the closed state, 
the fluid delivered from the master cylinder 20 is ab- 
sorbed in the stroke simulator 142, so that the brake 
pedal 30 can be operated such that its operating stroke 
is increased with the operating force, even in the closed 
state of the cut-off valves 80, 82. 
[0146] As shown in Fig. 4, the unit 10 uses a holder 
block 150 as a holder structure, which takes the form of 
a generally hexahedron block, more precisely a gener- 
ally rectangular parallelepiped. The unit 10 consists of 
this holder block 1 50, and the control valves 64, 80, 82, 



84, 86, pressure sensors 62, 120, 122, power-operated 
hydraulic pressure source 12, etc. which are attached 
to the holder block 1 50 as described below in detail . The 
unit 10 which is thus obtained as a single structure and 

5 which includes the power-operated hydraulic pressure 
source 12 as well as the control valves and pressure 
sensors is capable of functioning as a high-performance 
hydraulic braking pressure control unit operable to con- 
trol the hydraulic braking pressures in the wheel brake 

10 cylinders 22, 24. 

[01 47] The holder block 1 50 has th ree pairs of parallel 
opposed surfaces. Namely, the holder block 150 has a 
first surface 1 52 (parallel to an XY plane), a second sur- 
face 1 54 parallel to the first surface 1 52, a third surface 

15 155 (parallel to an XZ plane) perpendicular to the first 
and second surfaces 1 52, 1 54, a fourth surface 1 56 par- 
allel to the third surface 155, as shown in Fig. 4, and a 
fifth and a sixth surface 1 70, 1 71 as shown in Fig. 8, for 
example. The fifth surface 1 70 (parallel to a YZ plane) 

20 is perpendicular to the firstthrough fourth surfaces 152, 
154, 155, 156, and the sixth surface 171 is parallel to 
the fifth surface 170. The holder block 150 includes six 
side portions respectively having the first through sixth 
surfaces 152, 154, 156, 170, 171. 

25 [01 48] To the first surface 1 52 of the holder block 1 50, 
there are attached the electromagnetically operated 
control valves such as the pressure-increasing linear 
control valves 84 and pressure-reducing linear control 
valves 86, and the pressure sensors such as the brake- 

30 cylinder pressure sensors 122. To the second surface 
154, there are attached the motor 56 and the accumu- 
lator 52. For example, each electromagnetically operat- 
ed control valve is mounted on the first surface 1 52 such 
that at least the connecting portion (106) of the control 

35 valve is received in a mounting recess formed in the first 
surface 152, while at least a portion of the solenoid por- 
tion of the control valve projects from the first surface 
152. Similarly, the accumulator 52 is mounted on the 
second surface 154 such that at least the connecting 

40 portion 72 of the accumulator 52 is received in a mount- 
ing recess formed in the second surface 154 while at 
least a portion of the accumulator portion 70 projects 
from the second surface 154. 

[0149] The third surface 155 has the ports 40-45 and 
45 66 described above. The holder block 150 is attached 
at its fourth surface 156 to the body of the automotive 
vehicle. Since ail of the ports are open in the third sur- 
face 155, the holder block 150 can be easily attached 
to the vehicle body. 
so [01 50] As shown in Figs. 5-8, the holder block 1 50 has 
a master-cylinder passage 158 communicating with the 
port 40, and a brake-cylinder passage 1 60 communicat- 
ing with the port 41 . The master-cylinder passage 158 
and the brake-cylinder passage 160 are connected to 
55 each otherthrough the master-cylinder cut-off valve 80. 
The master-cylinder passage 158 and the brake-cylin- 
der passage 1 60 constitute the above-indicted second 
portion of the fluid passage 32, which is formed through 
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the unit 1 0 or holder block 1 50. Reference numeral 1 62 
denotes master-cylinder cut-off valve recesses which 
are formed in the first surface 1 52, for attaching the mas- 
ter-cylinder cut-off valves 80, 82. 
[0151] The master-cylinder cut-off vafve recess 162, 
master-cylinder passage 158 and brake-cylinder pas- 
sage 1 60 are formed such that the master-cylinder cut- 
off valve 80 attached at the master-cylinder cut-off valve 
recess 161 is held at one of its ports with the master- 
cylinder passage 158, and at the other port with the 
brake-cylinder passage 160 through a communication 
passage 1 63, 

[0152J The first surface 152 also has a master-cylin- 
der pressure sensor recess 164 and a brake-cylinder 
pressure sensor recess 165, which are provided for the 
fluid passage 32. The master-cylinder pressure sensor 
recess 1 64 is formed such that a detecting portion of the 
master-cylinder pressure sensor 1 20 attached at the re- 
cess 164 is held in communication with the master-cyl- 
inder passage 1 58. The brake-cylinder pressure sensor 
recess 1 65 is formed such that a detecting portion of the 
brake-cylinder pressure sensor 1 22 attached to the re- 
cess 165 is held in communication with the brake-cylin- 
der passage 1 60. The master-cylinder passage 1 58 and 
the brake-cylinder passage 1 60 are formed so as to ex- 
tend in the Y-axis direction. 

[0153] The master-cylinder cut-off valve recess 162, 
master-cylinder pressure sensor recess 1 64 and brake- 
cylinder recess 165 are also provided for the master- 
cylinder passage 158 communicating with the port 42 of 
the unit 1 0 and the brake-cylinder passage 1 60 commu- 
nicating with the port 43. These passages 158, 160 con- 
stitute the above-indicated second portion of the fluid 
passage 34 formed through the unit 10 (holder block 
150). The master-cylinder cut-off valve 82 is disposed 
between these passages 158, 160. 
[01 54] The ports 44 and 45 are held in communication 
with respective brake-cylinder passages 1 66 connected 
to the rear left and right wheel brake cylinders 24. The 
brake-cylinder passages 166 are not in communication 
with the master-cylinder passage 158. The brake-cylin- 
der passages 160, 166 are provided with the pressu- 
rized working fluid which is delivered from the power- 
operated hydraulic pressure source 12 and the pressure 
of which is controlled by the pressure-increasing and 
pressure- reducing linear control valves 84, 86. In this 
sense, the brake-cylinder passages 160, 166 may be 
called controlled-pressure passages. 
[0155] The brake-cylinder passages 166 are formed 
so as to extend in the Y-axis direction, in parallel with 
the brake-cylinder passages 1 60, such that the passag- 
es 1 66 are spaced from the passages 1 60 in the X-axis 
direction, and are located at the same Z-axis position as 
the passages 1 60. Each of the two master-cylinder pas- 
sages 158 is formed between the corresponding two 
brake-cylinder passages 1 60, 1 66 such that the master- 
cylinder passage 1 58 is spaced from the brake-cylinder 
passages 160, 166 in the Z-axis direction. 



[0156] The holder block 150 further has a pump re- 
cess 1 67 formed therein, as shown in Figs. 5 and 9. This 
pump recess 1 67 includes an eccentric-cam recess 1 68 
and two cylinder recesses 169. The eccentric-cam re- 

5 cess 1 68 is provided for receiving the eccentric cam por- 
tion of the pump device 50, which serves as the drive- 
force transmitting portion. The two cylinder recesses 
1 69 are provided for receiving the respective two pistons 
of the pump 54. 

io [0157] As shown in Fig. 9, the eccentric-cam recess 
168 is open in the second surface 154, while the two 
cylinder recesses 160 are open in the respective fifth 
and sixth surfaces 170, 171 (parallel to the YZ plane) 
which are parallel to each other. 

15 [01 58] The pump 54 is mounted on the fifth and sixth 
surfaces 170, 171 such that the two pistons are received 
in the respective cylinder recesses 1 69, while the motor 
56 is mounted on the second surface 154 such that the 
eccentric cam portion connected to the motor 56 is re- 

20 ceived in the eccentric-cam recess 1 68. 

[01 59] The holder block 1 50 further has two discharge 
passages 1 72 in communication with respective two dis- 
charge portions communicating with the two cylinders 
of the pump 54. The two discharge passages 172 are 

25 connected to a delivery passage 1 74 through respective 
connecting passages 173, so that the fluid masses pres- 
surized in the two cylinders merge with each other into 
a single mass of the pressurized fluid, which is fed into 
the accumulator 52. This arrangement is effective to 

30 minimize pressure pulsation of the pressurized fluid de- 
livered from the pump 54. 

[01 60] The holder block 1 50 further has a suction pas- 
sage 176 in communication with the suction side of the 
pump 54, that is, with the eccentric-cam recess 168, as 
35 shown in Figs. 5 and 8. The suction passage 1 76 is held 
in communication with the master reservoir 26 through 
the port 66. 

[0161] The suction passage 176 and delivery pas- 
sage 1 74 are formed so as to extend in the Y-axis direc- 
40 tion, in parallel with each other, in an almost central part 
of the holder block 150 as seen in the X-axis direction. 
The discharge passages 1 72 are also formed so as to 
extend in the Y-axis direction. 

[0162] Reference numeral 180 denotes an accumu- 
45 lator recess 180 formed to be open in the second sur- 
face 1 54. As shown in Fig. 1 0, such that the intermediate 
portion 78 of the accumulator 52 attached at the accu- 
mulator recess 180 is held in communication with the 
delivery passage 1 74, and while the inner port 77 of the 
so accumulator 52 is held in communication with a supply 
passage 1 82, as shown in Fig. 1 1 . The holder block 1 50 
further has a pressure-increasing passage 184 formed 
so as to intersect the supply passage 182 substantially 
at right angles. The pressure-increasing linear control 
55 valves 84 are connected to the pressure-increasing pas- 
sage 1 84. The supply passage 1 82 is formed in parallel 
with the delivery passage 1 74 and in alignment with the 
delivery passage 174 in the X-axis direction, such that 
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these passages 182, 174 are spaced from each other 
in the Z-axis direction. Thus, the supply passage 1 82 is 
also located at the almost central part of the holder block 
150 as seen in the X-axis direction. The pressure-in- 
creasing passage 184 is formed so as to extend in the 
X-axis direction. 

[01 63] The holder block 1 50 further has a relief-valve 
recess 1 86 and an accumulator-pressure sensor recess 
187, which are open in the first surface 152. The pres- 
sure relief valve 64 and the accumulator pressure sen- 
sor 62 are attached at the respective recesses 1 86, 1 87 
open in the first surface 152. 

[0164] The holder block 150 also have four pressure- 
increasing valve recesses 188 formed in communica- 
tion with the pressure-increasing passage 184. These 
recesses 1 88 are spaced apart from each other by suit- 
able distances along the pressure-increasing passage 
184, as shown in Fig. 5. 

[0165] As shown in Figs. 6 and 12, the high-pressure 
port 94 of each pressure-increasing linear control valve 
84 attached at the corresponding pressure-increasing 
valve recess 1 88 is held in communication with the pres- 
sure-increasing passage 184, while the low-pressure 
port 96 of the valve 84 is held in communication with the 
corresponding brake-cylinder passage 160, 166. In the 
present embodiment, each pressure-increasing linear 
control valve 84 is attached at the corresponding recess 
1 88 such that the linear control valve 84 is held in com- 
munication with the supply passage 182 through the 
pressure-increasing passage 184, so that the pressu- 
rized fluid in the supply passage 182 is supplied to the 
high-pressure port 94 of the valve 84 through the pres- 
sure-increasing passage 184. 

[0166] In the present embodiment, the supply pas- 
sage 182, pressure-increasing passage 184 and brake- 
cylinder passage 1 66 (1 60) constitute the fluid passage 
88. The supply passage 182 and the pressure-increas- 
ing passage 184 are provided commonly for the four 
wheel brake cylinders 22, 24, while the four brake-cyl- 
inder passages 160, 166 are provided for the respective 
four wheel brake cylinders 22, 24. The brake-cylinder 
passages 160 constitute the above-indicated third por- 
tion of the fluid passages 32, 34, as well as the fluid pas- 
sage 88. 

[0167] The holder block 150 further has a low-pres- 
sure passage 200 formed in communication with the 
suction passage 1 76 through the eccentric-cam recess 
1 68, as shown in Fig. 1 4. The low-pressure passage 200 
is formed in parallel with the delivery passage 174 and 
the supply passage 1 82, in the almost central part of the 
holder block 150 as seen in the X-axis direction, such 
that the low-pressure passage 200 is spaced from the 
passages 174, 182 in the Z-axis direction. 
[0168] The holder block 150 also has a pressure-re- 
ducing passage 202 formed so as to intersect the low- 
pressure passage 200 substantially at right angles. The 
holder block 150 also has four pressure-reducing valve 
recesses 204 open in the first surface 1 52, such that the 



recesses 204 are spaced apart from each other by suit- 
able distances along the pressure-reducing passage 
202. The high-pressure port 94 of each pressure-reduc- 
ing linear control valve 86 attached at the corresponding 

5 pressure-reducing valve recess 204 is held in commu- 
nication with a communication passage 206 (a part of 
the brake-cylinder passage 1 60 or 1 66), while the low- 
pressure port 96 of each valve 86 is held in communi- 
cation with the pressure- reducing passage 202. In this 

10 embodiment, the pressure-reducing linear control 
valves 86 are attached at the respective recesses 204 
such that each valve 86 is held in communication with 
the low-pressure passage 200 through the pressure-re- 
ducing passage 202, so that the fluid is discharged from 

15 the low-pressure port 96 to the reservoir 26 through the 
pressure-reducing passage 202, the low-pressure pas- 
sage 200 and the suction passage 1 76. 
[01 69] The brake-cylinder passages 1 66 (1 60), pres- 
sure-reducing passage 202, low-pressure passage 200 

20 and suction passage 176 constitute the fluid passage 
89. Like the supply passage 182 and pressure-increas- 
ing passage 184 described above, the suction passage 
1 76, low-pressure passage 200 and pressure- reducing 
passage 202 are provided commonly for the four wheel 

25 brake cylinders 22, 24, while the four brake cylinders 
160, 166 are provided for the respective wheel brake 
cylinders 22, 24. 

[0170] As described above, the holder block 150 has 
the plurality of fluid passages and the plurality of mount- 

30 ing recesses. Most of the fluid passages are formed so 
as to extend in the XY plane, at the same Z-axis position. 
The fluid passages and the mounting recesses are 
formed such that the fluid passages are held in commu- 
nication with the respective ports of the connecting por- 

35 tions of the control valves and accumulator attached a 
the respective mounting recesses. Accordingly, the re- 
quired Z-axis positions of the fluid passages are deter- 
mined by the Z-axis positions of the connecting portions 
and the depths (Z-axis positions) of the mounting re- 

40 cesses. In other words, the mounting recesses and fluid 
passages are formed for communication of the fluid pas- 
sages with the ports of the control valves and accumu- 
lator as attached to the recessed portions of the holder 
block 150. 

45 [0171] The above-indicated relief -valve recess 186 is 
formed between the supply passage 1 82 and the low- 
pressure passage 200. As described above, the pres- 
sure-relief valve 64 is provided to prevent an excessive 
rise of the delivery pressure of the pump 54, and is there- 
to fore required to be located close to the accumulator 52 
and pump 54. The low-pressure passage 200 is utilized 
for the pressure-relief valve 64, without the provision of 
an exclusive low-pressure passage 200 for the pres- 
sure-relief valve 64. Further, since the accumulator 
55 pressure 62 is provided to detect the fluid pressure in 
the supply passage 1 82, the accumulator-pressure sen- 
sor recess 187 is required to be formed so as to avoid 
an interference with the low-pressure passage 200. 
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[0172] In the holder block 150, the low-pressure pas- 
sage 200, supply passage 182, relief-valve recess 186 
and accumulator pressure sensor 187 are formed, so 
as to meet the requirements described above, namely, 
such that the supply passage 182 is held in communi- 
cation with the inner high-pressure port of the pressure- 
relief valve 64 attached at the relief-valve recess 186, 
and is located as close as possible to the accumulator- 
pressure sensor recess 187, while the low-pressure 
passage 200 is held in communication with the interme- 
diate low-pressure port of the pressure-relief valve 64, 
and is located as far as possible from the accumulator- 
pressure sensor recess 187. Therefore, the low-pres- 
sure passage 200 is spaced apart from the supply pas- 
sage 182 in the X-axis direction, such that the passage 
200 is located as far as possible from the accumulator- 
pressure sensor recess 187. In this arrangement, the 
pressure-relief vatve 64 can be located between the 
supply passage 1 82 and the low-pressure passage 200, 
without having to provide an extra fluid passage, and so 
as to avoid a problem that the accumulator pressure 
sensor 62 attached in communication with the supply 
passage 182 interferes with the low-pressure passage 
200 and the pressure- re lief valve 64. Accordingly, the 
number of the required fluid passages can be reduced, 
leading to a reduced size of the unit 1 0. 
[0173] In the present embodiment, the brake-cylinder 
passages 1 60, 1 66 are formed so as to extend in parallel 
with each other, and these brake-cylinder passages 
160, 166, delivery passage 174, low-pressure passage 
200, supply passage 182 and suction passage 176 are 
formed in parallel with each other, as shown in Fig. 5. 
Further, the pressure-increasing passage 184 and the 
pressure-reducing passage 202 are formed so as to ex- 
tend in the direction perpendicular to the supply pas- 
sage 182 and the low-pressure passage 200, and the 
pressure-increasing linear control valves 84 are ar- 
ranged along the pressure-increasing passage 184 
while the pressure- reducing linear control valves 86 are 
arranged along the pressure-reducing passage 202. 
Thus, the four pressure-increasing linear control valves 
84 and the four pressure-reducing linear control valves 
86, which are provided for the respective four wheel 
brake cylinders 22, 24, are arranged in a rectangular lat- 
tice pattern, such that four straight lines passing the ax- 
es of the respective sets of control valves 84, 86 are 
parallel to each other. In addition, since the brake-cylin- 
der passages 160, 166 are parallel to each other, four 
lines passing the axes of the respective sets of control 
valves 84, 86 and brake-cylinder pressure sensors 122 
are almost parallel to each other. 
[0174] The row of four pressure-increasing linearcon- 
trol valves 84 and the row of four pressure-reducing lin- 
ear control valves 86 are parallel to each other. 
[0175] Thus, the various electromagnetically operat- 
ed control valves and the various pressure sensors are 
arranged in a considerably integrated fashion, so as to 
effectively reduce the required size of the unit 1 0 or hold- 
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er block 150. 

[0176] Further, the delivery passage 174, low-pres- 
sure passage 200 and supply passage 182 are located 
at an almost central part of the holder block 1 50 as seen 

5 in the X-axis direction, so that the two sets of pressure- 
increasing and pressure-reducing linear control valves 
84, 86 can be disposed on either each of the opposite 
sides of the delivery, low-pressure and supply passages 
174, 200, 182. Accordingly, the required length of the 

10 fluid passages 88, 89 connected to the wheel brake cyl- 
inders 22, 24 can be reduced. 

[0177] In the present embodiment, at least one of the 
delivery passage 1 74 and the supply passage 1 82 con- 
stitutes a high-pressure passage. 

15 [0178] Further, the ports 77 and 78 of the connecting 
portion 72 of the accumulator 52 are spaced apart from 
each other in the axial direction of the accumulator 52. 
The accumulator recess 1 80, pressure-increasing valve 
recesses 188, delivery passage 174, supply passage 

20 1 82 and pressure-increasing passage 1 84 are required 
to be formed such that the delivery passage is commu- 
nicated with the port 78, and the supply passage 182 is 
communicated with the port 77, while the pressure-in- 
creasing passage 1 84 perpendicular to the supply pas- 

25 sage 182 is communicated with the high-pressure port 
94 of each pressure-increasing linear control valve 84. 
With the recesses 1 88, 1 88 and passages 1 74, 1 82, 1 84 
being thus formed to meet the above-indicated require- 
ment, the amount of projection of the accumulator 52 

30 from the second surface 154 (which amount corre- 
sponds to the amount of projection of the eccentric cam 
portion of the motor 56 from the second surface 154), 
and the amount of projection of each pressure-increas- 
ing linear control valve 84 from the first surface 152 are 

35 determined. In other words, the amounts of projection 
of the pressure-increasing linear control valves 84 and 
the accumulator 52 change depending upon whether 
the two ports 77, 78 of the connecting portion 72 of the 
accumulator 52 are axially spaced apart from each other 

40 as in the present embodiment, or not. The axially 
spaced-apart relationship of the two ports 77, 78 can 
reduce a difference between the amounts of projection 
of the control valves 84 and the accumulator 52. 
[0179] Reference numeral 250 in Fig. 5 denotes 

45 openings which are provided to define fluid passages 
and which are closed by plugs. 

[0180] The unit 10 is controlled by a hydraulic pres- 
sure control device 300, which is principally constituted 
by a computer. The hydraulic pressure control device 

50 300 includes a CPU 302, a ROM 304, a RAM 306 and 
in input-output portion 308. To the input-output portion 
308, there are connected the pressure sensors 62, 1 20, 
122, the coils of the electromagnetically operated con- 
trol valves 80, 82, 84, 86 and the motor 56. 

55 [0181] Since the unit 1 0 incorporates the power-oper- 
ated hydraulic pressure source 12, the hydraulic pres- 
sure control device 300 controls only the unit 10. Fur- 
ther, the control valves 80, 82, 84, 86 and the pressure 
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sensors 62, 120, 122 are mounted on the same surface 
of the holder block 150, the lead wires of these control 
valves and pressure sensors can be comparatively eas- 
ily bundled together. 

[0182] The unit 10 according to the present first em- 5 
bodiment includes the pressure-increasing linear con- 
trol valves 84 and the pressure-reducing linear control 
valves 86. These linear control valves may be replaced 
by shut-off valves that are simply opened and closed to 
control the hydraulic braking pressures in the wheel 10 
brake cylinders. While the plunger pump 54 is used in 
the first embodiment, a gear pump may be used in the 
pump device. Further, the principle of the invention is 
applicable to any braking system other than the braking 
system described above, for example, to a braking sys- is 
tern wherein each of two pressurizing chambers of the 
master cylinder 20 is connected to two brake cylinders. 
While the accumulator 52 of bellows type is used in the 
first embodiment, the unit 1 0 may include an accumula- 
tor of bladder type in which the partition member is 20 
formed of a flexible material such as a rubber material, 
or an accumulator of piston type in which the partition 
member is a piston. 

[0183] In the embodiment described above, the hold- 
er block 150 of the unit 10 is attached at its fourth surf ace 25 
156 to the vehicle body. However, the holder block 150 
may be attached to the vehicle body, at its fifth surface 
1 70 or sixth surface 1 71 , or at two or three surfaces se- 
lected from the fourth, fifth and sixth surfaces 1 56, 1 70, 
1 71 . The shape of the holder block 1 50 is not limited to 30 
that in the illustrated embodiment. Further, the stroke 
simulator device 140 and other hydraulic components 
may be attached to the holder block 1 50, as well as the 
valves 64, 80, 82, 84, 86, pressure sensors 62, 1 20, 1 22 
and power-operated hydraulic pressure source 12. 35 
[0184] Referring next to Figs. 15-21 , there will be de- 
scribed a second embodiment of this invention. In Fig. 
15, reference numeral 310 denotes a brake pedal serv- 
ing as a brake operating member, and reference numer- 
al 312 denotes a master cylinder equipped with a hy- *o 
draulic booster, which is arranged to deliver a pressu- 
rized working fluid, upon operation of the brake pedal 
310 by the operator of an automotive vehicle. Further, 
reference numeral 314 denotes a power-operated hy- 
draulic pressure source arranged to deliver a pressu- *5 
rized fluid, when the hydraulic pressure source is sup- 
plied with an electric energy. Reference numeral 31 6 de- 
notes a hydraulic braking pressure control unit con- 
structed according to the second embodiment of the in- 
vention and capable of controlling hydraulic braking so 
pressures in brake cylinders 320, 321 for front left and 
right wheels FL, FR and brake cylinders 322, 323 for 
rear left and right wheels RL, RR, by utilizing the pres- 
surized fluid delivered from the power-operated hydrau- 
lic pressure source 314. 55 
[0185] The master cylinder 312 with the hydraulic 
booster (hereinafter referred to as "master cylinder 
312") includes a hydraulic booster portion 330 and a 
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master cylinder portion 332. The hydraulic booster por- 
tion 330 is arranged to receive the pressurized fluid re- 
ceived from the power-operated hydraulic pressure 
source 314, for generating a fluid pressure correspond- 
ing to a boosted operating force of the brake pedal 310. 
The master cylinder portion 332 has pressurizing pis- 
tons and is arranged to deliver a pressurized fluid the 
pressure of which corresponds to a braking force ap- 
plied to the pressurizing pistons, as boosted by the fluid 
pressure generated by the hydraulic booster portion 
330. 

[0186] To the hydraulic booster 330, there is connect- 
ed through a fluid passage 334 the rear right wheel 
brake cylinder 323. To the master cylinder portion 332, 
there is connected through a fluid passage 336 the front 
right wheel brake cylinder 321 . The master cylinder por- 
tion 332 is capable of generating a fluid pressure corre- 
sponding to the operating force of the brake pedal 310, 
even in the event of occurrence of any abnormality or 
defect of the power-operated hydraulic pressure source 
314. 

[0187] The power-operated hydraulic pressure 
source 314 includes a pump device 344, an accumulator 
346 and an accumulator pressure sensor 348. The 
pump device 344 includes a pump 340, and a pump mo- 
tor 342 to drive the pump 340. The pump 40 is arranged 
to pressurize the working fluid received from a reservoir 
350, and the pressurized fluid delivered from the pump 
340 is stored or accommodated in the accumulator 346. 
The accumulator 346 is constructed as shown in Fig. 2. 
The pump motor 342 is controlled such that the pressure 
of the fluid stored in the accumulator 348, that is, the 
fluid pressure as detected by the accumulator pressure 
sensor 348 is held within a predetermined range. Be- 
tween the reservoir 350 and the delivery port of the 
pump 340, there is provided a pressure relief valve 352, 
for preventing an excessive rise of the pressure of the 
pressurized fluid delivered from the pump 340. 
[0188] To the power-operated hydraulic pressure 
source 314, there are connected through a high-pres- 
sure passage 356 the brake cylinders 320-323 for the 
front left and right wheels FL, FR and rear left and right 
wheels RL, RR, In the present second embodiment, all 
of the four wheel brake cylinders 320-323 are connected 
to the power-operated hydraulic pressure source 314, 
while the front and rear right wheel cylinders 321, 323 
are connected to the master cylinder 312. Further, the 
front left and right wheel brake cylinders 320, 321 are 
connected to each other by a connecting passage 358, 
while the rear left and right wheel brake cylinders 322, 
323 are connected to each other by a connecting pas- 
sage 360. The connecting passages 358, 360 are pro- 
vided with respective communication control valves 
362, 364, which are normally open valves to be held 
open when no electric currents are applied thereto. The 
front left and right wheel brake cylinders 320, 321 are 
held in communication with each other while the com- 
munication control valve 362 is in the open state, and 
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are isolated from each other while the valve 362 is in the 
closed state. Similarly, the rear left and right wheel brake 
cylinders 322, 323 are held in communication with each 
other while the communication control valve 364 is in 
the open state, and are isolated from each other while s 
the valve 364 is in the closed state. Thus, the present 
braking system has two mutually independent sub-sys- 
tems one of which includes the front wheel brake cylin- 
ders 320, 321 and the other of which includes the rear 
wheel brake cylinders 322, 323k. 10 
[0189] Between the power-operated hydraulic pres- 
sure source 31 4 and the front left and right wheel brake 
cylinders 320, 21 0 and the rear left and right wheel brake 
cylinders 322, 323, there are disposed respective brak- 
ing pressure control valve devices 370, 371, 372 and is 
373. Each of these pressure control valve devices 
370-373 includes a pressure- increasing control valve 
378 and a pressure-reducing control valve 380. The 
pressure-increasing control valves 378 are disposed in 
a high-pressure passage 356 between the wheel brake 20 
cylinders 320-323 and the power-operated hydraulic 
pressure source 314, while the pressure-reducing con- 
trol valves 380 are disposed in a low-pressure passage 
384 between the wheel brake cylinders 320-323 and the 
reservoir 350, Four brake-cylinder pressure sensors 25 
386, 388 are provided for the four wheel brake cylinders 
320-323, respectively, so that the fluid pressures in the 
wheel brake cylinders 320, 321 are detected by the re- 
spective pressure sensors 386, while the fluid pressures 
in the wheel brake cylinders 322, 323 are detected by 30 
the respective pressure sensors 388. 
[0190] The pressure-increasing control valves 378 
and the pressure-reducing control valves 380 are linear 
control valves identical with the linear control valves 84, 
86 which have been described above by reference to 35 
Fig. 3. Each pressure-increasing control valve 378 is 
connected at its high-pressure port 94 (Fig. 3) to the 
high-pressure passage 356 (power-operated hydraulic 
pressure source 314), and at its low-pressure port 96 
(Fig. 3) to the corresponding wheel brake cylinder 320, *o 
321, 322, 323. A fluid pressure difference across the 
pressure-increasing control valve 378 is obtained as a 
difference between a fluid pressure detected by a pres- 
sure sensor 406 connected to a portion of the high-pres- 
sure passage 356 between the control valve 378 and *5 
the accumulator 346, and a fluid pressure detected by 
the brake-cylinder pressure sensor 386, 688. Although 
the pressure sensor 406 is provided to detect the output 
pressure of the power-operated hydraulic pressure 
source 314, this pressure sensor 406 is located nearer so 
to the control valve 378 than the accumulator pressure 
sensor 348, so that the fluid pressure detected by the 
pressure sensor 406 is less influenced by a pressure 
loss in the high-pressure passage 356. Accordingly, the 
pressure sensor 406 permits a higher degree of detec- 55 
tion of the above-indication fluid pressure difference, in 
cooperation with the brake-cylinder pressure sensor 
386, 388, than the accumulator pressure sensor 348. 
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By the pressure- increasing control valve 378, it is pos- 
sible to control the difference between the output pres- 
sure of the power-operated hydraulic pressure source 
314 and the fluid pressure in the wheel brake cylinder 
320-323, so that the hydraulic braking pressure in the 
corresponding wheel brake cylinder can be increased. 
[0191] Each pressure-reducing control valve 380 is 
connected at its high-pressure port 94 to the corre- 
sponding wheel brake cylinder 320-323, and at its low- 
pressure port 96 to the reservoir 350 (low-pressure pas- 
sage 384), Since the fluid pressure in the reservoir 350 
can be considered to be substantially equal to the at- 
mospheric pressure, the fluid pressure difference 
across the control valve 380 can be represented by the 
fluid pressure as detected by the corresponding brake- 
cylinder pressure sensor 386, 388. By controlling the 
pressure- reducing control valve 380, it is possible to 
control the difference between the fluid pressures in the 
wheel brake cylinder 320-323 and the reservoir 350, so 
that the hydraulic braking pressure in the corresponding 
wheel brake cylinder can be reduced. 
[0192] The fluid passages 334, 336 are provided with 
respective master-cylinder cut-off valves 410, 412 and 
respective master-cylinder pressure sensors 414, 416. 
Like the pressure-increasing control valves 378 and the 
pressure-reducing valves 380, each master-cylinder 
cut-off valve 410, 412 has two ports which are axially 
spaced apart from each other. However, the valve mem- 
ber of the master-cylinder cut-off valve 410, 412 is bi- 
ased by a spring in a direction that causes the valve 
member to be moved away from the valve seat. 
[0193] In the above-indicated arrangement of the 
master-cylinder cut-off valves 410, 412, the seating 
valve is held open maintaining fluid communication be- 
tween the two ports while no electric current is applied 
to the solenoid coil. The seating valve is selectively 
opened and closed by selective application and removal 
of an electric current to and from the solenoid coil, 
whereby the two ports are selectively communicated 
with and isolated from each other. 
[0194] While the fluid pressures in the wheel brake 
cylinders 320-323 are controlled by controlling the pres- 
surized fluid delivered from the power-operated hydrau- 
lic pressure source 314, the master-cylinder cut-off 
valves 410, 412 are held in the closed state, to isolate 
the wheel brake cylinders 320-323 from the master cyl- 
inder 312. While the master-cylinder cut-off valves 410, 
41 2 and the communication control valves 362, 364 are 
open, the pressurized fluid delivered from the master 
cylinder 312 is supplied to all of the wheel brake cylin- 
ders 320-323 to activate respective hydraulic brakes 
418. 

[0195] It will be understood that the pressure-increas- 
ing control valves 378, pressure-reducing control valves 
380, communication control valves 362, 364, master- 
cylinder cut-off valves 410, 412, brake-cylinder pressure 
sensors 386, 388, master-cylinder pressure sensors 
414, 416 and pressure sensor 406 are hydraulic pres- 
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sure control components of the hydraulic braking pres- 
sure control unit 316, which are held by a single holder 
structure in the form of a holder block 420 which will be 
described. 

[0196] The fluid passage 36 is also provided with a 
stroke simulator device 430, which includes a simulator 
control valve 432 and a stroke simulator 434. The sim- 
ulatorcontrol valve 432 is selectively opened and closed 
by selective application and removal of an electric cur- 
rent to and from a coil. The simulator control valve 432 
is held in the open state while the fluid pressures in the 
wheel brake cylinders 320-323 are controlled by utilizing 
the pressurized fluid delivered from the power-operated 
hydraulic pressure source 31 4, with the master-cylinder 
cut-off valves 410, 412 held in the closed state. While 
the master-cylinder cut-off valves 410, 412 are held 
open, the simulator control valve 432 is held in the 
closed state, to prevent wasting of the pressurized fluid 
delivered from the master cylinder 312. 
[0197] The braking system includes an electronic 
control device 440 (hereinafter abbreviated as "ECU 
440"). The ECU 440 is principally constituted by a com- 
puter incorporating a CPU , a RAM, a ROM and an input- 
output portion, as described above with respect to the 
hydraulic pressure control device 300 provided in the 
first embodiment. To the input-output portion, there are 
connected the accumulator pressure sensor 348, the 
brake-cylinder pressure sensors 386, 388, pressure 
sensor 406 and master-cylinder pressure sensors 414 
416, which have been described. To the input-out por- 
tion, there are also connected an operation force sensor 
442 arranged to detect an operating force acting on the 
brake pedal 31 0, a stroke sensor 444 arranged to detect 
an operating stroke of the brake pedal 310, and wheel 
speed sensors 446 arranged to detect the rotating 
speeds of the front and rear wheels FL, FR, RL, RR. To 
the input-output portions, there are further connected 
through respective driver circuits (not shown) the coils 
of the pump motor 342, communication control valves 
363, 364, pressure-increasing control valves 478, pres- 
sure-reducing control valves 380 and master-cylinder 
cut-off valves 410, 412. The various control valves de- 
scribed above are controlled to control the hydraulic 
braking pressures in the wheel brake cylinders 320-323, 
o the basis of the output signals of the various sensors, 
such as the pressure sensors indicated above. 
[0198] For instance, the present braking system is 
controlled such that the detected actual fluid pressures 
in the wheel brake cylinders 320-323 coincide with a val- 
ue corresponding to a target vehicle braking force as 
desired by the vehicle operator, which target vehicle 
braking force is obtained on the basis of the output sig- 
nals of the stroke sensor 444 and the master-cylinder 
pressure sensors 414, 416. The target vehicle braking 
force may be obtained on the basis of the output signals 
of the operation force sensor 442 and stroke sensor 444. 
Where a vehicle drive system of the vehicle includes an 
electric motor, the present braking system may be ar- 



ranged such that the hydraulic brakes 418 cooperate 
with the electric motor to perform a cooperative braking 
control in which a hydraulic braking force produced by 
the brakes 418 is controlled such that a sum of this hy- 

5 draulic braking force and a regenerative braking force 
produced by the electric motor coincides with the target 
vehicle braking force as desired by the vehicle operator. 
[0199] Power supply wires and signal wires of the so- 
lenoid-operated control valves, sensors and other hy- 

10 draulic pressure control components which are held by 
the holder block 420 are connected to the ECU 440 and 
batteries, through electrical wiring members such as 
connectors disposed within a box 448 shown in Fig. 20. 
The ECU 440 may be housed within the box 448. 

is [0200] In the hydraulic braking pressure control unit 
31 6, the holder block 420 is a generally rectangular par- 
allelepiped having six surfaces that are generally rec- 
tangular, as shown in Figs. 20 and 21 . Namely, the hold- 
er block 420 has a first surface 450 (parallel to an XY 

20 plane), in which there are formed mounting recesses 
(which will be described) for attaching the pressure-in- 
creasing control valves 378, brake-cylinder pressure 
sensors 386 and other hydraulic components. The hold- 
er block 420 further has a second surface 452 (parallel 

25 to an XZ plane), which is adjacent and perpendicular to 
the first surface 450. In the second surface 452, there 
are formed connecting ports (which will be described) 
for connection to the various fluid passages (connecting 
pipes, hoses, etc.) which extend from the master cylin- 

30 der312, power-operated hydraulic pressure source 314 
and wheel brake cylinders 320-323. The holder block 
420 further has a third surface 454 (parallel to a YZ 
plane), which is adjacent and perpendicular to the first 
and second surfaces 450, 452. In the third surface 454, 

35 there is formed a connecting port (which will be de- 
scribed) for connection to the fluid passage (pie or hose) 
which extends from the reservoir 350. The holder block 
420 further has a fourth surface 456 which is parallel 
and opposite to the first surface 450. The holder block 

40 420 is fixed at this fourth surface 456 to a suitable mem- 
ber of the vehicle body. The holder block 420 includes 
side portions respectively having the first through fourth 
surfaces 450, 452, 454, 456. 

[0201] As shown in Fig. 16, the holder block 420 con- 
45 sists of a front-braking half 457 and a rear-braking half 
458 located on the respective opposite sides of a bisec- 
tor plane which includes a bisector line A and which is 
perpendicular to the first surface 450 and parallel to the 
YZ plane. The bisector line A bisects the X-axis dimen- 
50 sion of the holder block 420 and extends in the Y-axis 
direction. The hydraulic pressure control components 
and fluid passages of the hydraulic braking pressure 
control unit 316, which are provided for the front wheel 
brake cylinders 420, 421 , are attached to and formed 
55 within the front-braking half 457, while the hydraulic 
components and fluid passages provided for the rear 
wheel brake cylinders 422, 423 are attached to and 
formed within the rear-braking half 458. In the holder 
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block 420, the mounting recesses for attaching the hy- 
draulic components and the fluid passages for the front 
wheel brake cylinders 320, 321 and those for the rear 
wheel brake cylinders 322, 323 are formed symmetri- 
cally with each other, with respect to the bisector plane 
which includes the bisector line A and which is parallel 
to the YZ plane. 

[0202] (n the holder block 420, a pressure sensor re- 
cess 460 for attaching the pressure sensor 406 is 
formed in a central portion of the first surface 450 
through which the bisector line A passes. In a half of the 
first surface 450 which corresponds to the front-braking 
half 457, there are formed mounting recesses for attach- 
ing the hydraulic components for the front wheel brake 
cylinders 420, 421, that is: a master-cylinder cut-off 
valve recess 462f for attaching the master-cylinder cut- 
off valve 41 2; a master-cylinder pressure sensor recess 
464f for attaching the master-cylinder pressure sensor 
41 6; two pressure-increasing valve recesses 466f forat- 
taching the respective two pressure-increasing control 
valves 378 for the front left and right wheel brake cylin- 
ders 320, 321; two pressure-reducing valve recesses 
467f for attaching the respective two pressure-reducing 
control valves 480 for the front left and right wheel brake 
cylinders 320, 321 ; two brake-cylinder pressure sensor 
recesses 468f for attaching the respective two front 
brake-cylinder pressure sensors 386; and a communi- 
cation-valve recess 470f for attaching the communica- 
tion control valve 362 for the front wheel brake cylinders 
320, 321. 

[0203] In a half of the first surface 450 which corre- 
sponds to the rear-braking half 458, there are formed 
mounting recesses for attaching the hydraulic compo- 
nents for the front wheel brake cylinders 422, 423, that 
is: a master-cylinder cut-off valve recess 462r for attach- 
ing the master-cylinder cut-off valve 410; a master-cyl- 
inder pressure sensor recess 464r for attaching the 
master-cylinder pressure sensor 414; two pressure-in- 
creasing valve recesses 466r for attaching the respec- 
tive two pressure-increasing control valves 378 for the 
rear left and right wheel brake cylinders 322, 323; two 
pressure-reducing valve recesses 467r for attaching the 
respective two pressure-reducing control valves 480 for 
the rear left and right wheel brake cylinders 322, 323; 
two brake-cylinder pressure sensor recesses 468r for 
attaching the respective two rear brake-cylinder pres- 
sure sensors 386; and a communication-valve recess 
470r for attaching the communication control valve 364 
for the rear wheel brake cylinders 322, 323. 
[0204] These mounting recesses 460, 462f, 462r, 
464f , 464r, 466f-468f, 466r-468r, 470f , 470r are formed 
in the first surface 420 parallel to the XY plane, in the Z- 
axis direction, that is, in a direction substantially perpen- 
dicular to the XY plane. The appropriate hydraulic pres- 
sure control components are attached to the holder 
block 420 such that the axes of the hydraulic compo- 
nents are substantially perpendicular to the XY plane 
(first surface 450), with the end portions of the hydraulic 
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components projecting from the first surface 450, as 
shown in Fig. 21 . 

[0205] There will be described positional relationships 
among the mounting recesses for the respective hy- 
5 draulic components. It will be understood that the hy- 
draulic components attached at the mounting recesses 
have the same positional relationships as those of the 
mounting recesses. 

[0206] In the present second embodiment, too, the 
10 four pressure-increasing valve recesses 466f, 466r are 
arranged along a straight line B, and the four pressure- 
reducing valve recesses 467f, 467r are arranged along 
a straight line C, while the four brake-cylinder pressure 
sensor recesses 468f, 468r are arranged along a 
'5 straight line D. These straight lines B, C and D are par- 
allel to the X-axis direction, and are spaced apart from 
each other in the Y-axis direction by suitable distances 
such that the straight line D is almost intermediate be- 
tween the straight lines B and C. Further, the pressure- 
20 increasing valve recess 466f, 466r, brake-cylinder pres- 
sure sensor recess 468f, 468r and pressure-reducing 
valve recess 467f, 467r which are provided for each of 
the four wheel brake cylinders 320-323 are arranged 
along a corresponding one of four straight lines E which 
25 are parallel to the Y-axis direction and which correspond 
to the respective four wheel brake cylinders 320-323. 
Thus, the four pressure-increasing valve recesses 466f, 
466r, pressure-reducing valve recesses 467f, 467r and 
brake-cylinder pressure sensor recesses 468f , 468r are 
30 arranged in a lattice or grid pattern. 

[0207] Further, the two master-cylinder pressure sen- 
sor recesses 464f , 464r and one pressure sensor recess 
460 are disposed along a straight line between the 
straight lines B and D, while the two communication- 
's valve recesses 470f, 470r are disposed between the 
straight lines D and C. The master-cylinder cut-off valve 
recess 462f, 462r, master-cylinder pressure sensor re- 
cess 464f , 464r and communication-valve recess 470f , 
170r which are provided for each of the front and rear 
40 pairs of wheel brake cylinders 320-323 are arranged 
along a corresponding one of two straight lines F which 
are parallel to the Y-axis direction and which correspond 
to the respective two pairs of wheel brake cylinders 
320-323. 

45 [0208] In the present embodiment, each of the mas- 
ter-cylinder pressure sensor recess 464f and the mas- 
ter-cylinder cut-off valve recess 1 62f for the front wheel 
brake cylinders 320, 321 is spaced from the two pres- 
sure-increasing valve recesses 166f by a predeter- 

50 mined same distance. Similarly, each of the recesses 
464r, 462r for the rear wheel brake cylinders 322, 323 
is spaced from the two recesses 466r by a predeter- 
mined same distance. Further, the pressure sensor re- 
cess 460 is spaced by a predetermined same distance 

55 from the intermediate two pressure-increasing valve re- 
cesses 166f, 166r, one of which is for one of the two 
front wheel brake cylinders 320, 321 and other of which 
is for one of the two rear wheel brake cylinders 322, 323. 



45 EP 1 251 

[0209] As described above, the master-cylinder pres- 
sure sensor recesses 464f, 464r and the pressure sen- 
sor recess 460 are located on respective straight lines 
which are normal to respective straight segments con- 
necting the adjacent pressure-increasing valve recess- s 
es 466f, 466r and which pass midpoints of the respec- 
tive straight segments. Thus, the four pressure-increas- 
ing valve recesses 466f ( 466r, the two master-cylinder 
pressure sensor recesses 464f , 464r and the one pres- 
sure sensor recess 460 are arranged in a zigzag or stag- 10 
gered pattern. Similarly, the two master-cylinder pres- 
sure sensor recesses 464f , 464r, the one pressure sen- 
sor recess 460 and the four brake-cylinder pressure 
sensor recesses 468f, 468r are arranged in a zigzag or 
staggered pattern. 15 
[0210] Further, the master-cylinder pressure sensor 
recess 464f for the front wheel brake cylinders 320, 321 
is located in a substantially central part of a rectangle 
whose four apexes are defined by the two pressure-in- 
creasing valve recesses 466f and two brake-cylinder 20 
pressure sensor recesses 468f for the front wheel brake 
cylinders 320, 321 . Thus, the recess 464f is spaced from 
the recesses 466f and the recesses 468f, by the same 
distance. 

[0211] In addition, the communication-valve recess 25 
470f for the front wheel brake cylinders 320, 321 is lo- 
cated on a straight line which is normal to a straight seg- 
ment connecting the two brake-cylinder pressure sen- 
sor recesses 468f and which passes a midpoint of that 
straight segment. Namely, the recess 470f is located on 30 
a straight line which is normal to a straight segment con- 
necting the two pressure-reducing valve recesses 467f 
and which passes a midpoint of that straight segment. 
[0212] The recesses 464r, 466r, 468r, 467rforthe rear 
wheel brake cylinders 322, 323 are positioned relative 35 
to each other in the same manner as described above 
with respect to the recesses 464f, 466f, 468f, 467f. 
[0213] As described above, the master-cylinder cut- 
off valve recesses 462 and the master-cylinder pressure 
sensor recesses 464 are disposed on the opposite sides *o 
of the straight line B. In this arrangement, the area of 
the first surface 450 of the holder block 420 is more ef- 
fectively used than in an arrangement in which the four 
recesses 462, 464 are disposed on one side of the 
straight line B, so that the required size of the holder *s 
block 420 can be reduced. 

[0214] In the second surface 452, there are formed 
four brake-cylinder ports 480-483, two master-cylinder 
ports 484, 485 and one pump-device port 486, as shown 
in Figs. 20 and 21, such that the master-cylinder port so 
484 is located between the two adjacent brake-cylinder 
ports 480, 481, and the master-cylinder port 484 is lo- 
cated between the other two adjacent brake-cylinder 
ports 482, 483, while the pump-device port 486 is locat- 
ed between the two master-cylinder ports 484, 485. 55 
[0215] Thus, the brake-cylinder ports 480-483, mas- 
ter-cylinder ports 484, 485 and pump-device port 486 
are arranged in a zigzag or staggered pattern, so that 
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the required area of the second surface 452 can be re- 
duced. 

[0216] In the present arrangement, the front and rear 
right wheel brake cylinders 321, 323 are connected 
through hoses or any other connecting means to the re- 
spective two brake-cylinder ports 480, 482, which are 
the outer ones of the four ports 480-483 located at the 
ends of the second surface 452. Thus, the wheel brake 
cylinders 321 , 323 to be connected to the master cylin- 
der 412 are connected to the two outer master-cylinder 
ports 480, 482. The front and rear left wheel brake cyl- 
inders 320, 322 are connected through hoses or any 
other connecting means to the respective two inner 
brake-cylinder ports 481 , 483. The master cylinder por- 
tion 332 is connected to the master-cylinder port 484, 
while the hydraulic booster portion 330 is connected to 
the master-cylinder portion 485. 
[0217] In the third surface 454, there is formed a res- 
ervoir port 488 connected to the reservoir 350. The third 
surface 454, a fifth surface 490 opposite to the third sur- 
face 454, and a sixth surface 492 opposite to the second 
surface 452 have openings 494 which are formed to de- 
fine fluid passages and which are closed by plugs. Ref- 
erence numeral 495 denotes weight-reducing cutouts 
provided to reduce the weight of the holder block 420. 
[0218] The holder block 420 has two master-cylinder 
passages 500, 501 and four brake-cylinder passages 
502-505, which are formed to extend in the Y-axis direc- 
tion. Each of the four brake-cylinder passages 502-505 
consists of a pressure-increasing brake-cylinder pas- 
sage 502a-505a and a pressure-reducing brake-cylin- 
der passage 402b-505b. The master-cylinder passages 
500, 501 are held in communication with the respective 
master-cylinder ports 484, 485, while the pressure-in- 
creasing brake-cylinder passages 502a-505a are held 
in communication with the respective brake-cylinder 
ports 480-483. 

[0219] The master-cylinder passage 500 formed in 
the front-braking half 457 is formed in communication 
with the master-cylinder cut-off valve recess 462f and 
the master-cylinder pressure sensor recess 464f. The 
master-cylinder passage 500 is communicated with an 
inner port of the master-cylinder cut-off valve 412 at- 
tached at the master-cylinder cut-off valve recess 464f . 
The front-braking half 457 has a connecting passage 
506f formed in communication with an intermediate por- 
tion of the master-cylinder cut-off valve 412. The con- 
necting passage 506f is formed so as to extend in the 
X-axis direction, and held in communication with the 
pressure-increasing brake-cylinder passage 502a. In 
the rear-braking half 458, too, the master-cylinder pas- 
sage 501 is communicated with an inner portion of the 
master-cylinder cut-off valve 410 attached at the mas- 
ter-cylinder cut-off valve recess 464r. The passage 501 
is also held in communication with the master-cylinder 
pressure sensor recess 464r. The master-cylinder pas- 
sage 501 and the pressure-increasing brake-cylinder 
passage 504a are held in communication with each oth- 
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er through a connecting passage 506r formed in com- 
munication with an intermediate portion of the master- 
cylinder cut-off valve 410. 

[0220] In the present embodiment, the fluid passage 
336 is constituted by the master-cylinder passage 500, 
connecting passage 506f, pressure-increasing brake- 
cylinder passage 502a, etc. , while the fluid passage 334 
is constituted by the master-cylinder passage 501 , con- 
necting passage 506r, pressure-increasing brake-cylin- 
der passage 504a, etc. 

[0221] The pressure-increasing brake-cylinder pas- 
sages 502a-505a and the corresponding pressure-re- 
ducing brake-cylinder passages 502b-505 of the brake- 
cylinder passages 502-505 are connected to each other 
through the brake-cylinder pressure sensor recesses 
468f , 468r. This aspect will be further described by ref- 
erence to Fig. 1 7, with respect to the brake-cylinder pas- 
sage 504 for the rear right wheel brake cylinder 323, by 
way of example. The following description is true for the 
other brake-cylinder passages 502, 503 and 505. 
[0222] The pressure-increasing brake-cylinder pas- 
sage 504a is held in communication with the pressure- 
increasing valve recess 466r and the brake-cyiinder 
pressure sensor recess 468r, while the pressure-reduc- 
ing brake-cylinder passage 504b is held in communica- 
tion with the brake-cylinder pressure sensor recess 468r 
and the pressure-reducing valve recess 467r. The pres- 
sure-increasing brake-cylinder passage 504a is com- 
municated with the intermediate or low-pressure port 96 
of the pressure-increasing control valve 378 attached at 
the pressure-increasing valve recess 466r, while the 
pressure-reducing brake-cylinder passage 504b is com- 
municated the inner or high-pressure port 94 of the pres- 
sure-reducing control valve 380 attached at the pres- 
sure-reducing valve recess 467r. The pressure- increas- 
ing vatve recess 466r and the pressure-reducing vale 
recess 467r are formed such that the corresponding 
pressure-increasing and pressure-reducing control 
valves 378, 380 attached at those recesses 466r, 467r 
project from the first surface 450 by substantially the 
same distance. 

[0223] According to the arrangement of connection of 
the pressure-increasing and pressure-reducing brake- 
cylinder passages 504a, 504b to the respective pres- 
sure-increasing and pressure-reducing control valves 
378, 380, the brake-cylinder passages 504a, 504b must 
be formed at different positions in the Z-axis direction, 
namely, at different depth positions from the first surface 
450. Accordingly, a fluid passage extending in the Z-axis 
direction would be required to connect these two brake- 
cylinder passages 504a, 504b. In the present arrange- 
ment in which the brake-cylinder passages 504a, 504b 
are connected to each other through the corresponding 
brake-cylinder pressure sensor recess 468r, it is not 
necessary to form such a fluid passage extending in the 
Z-axis direction, and it is not necessary to close this fluid 
passage at its open end. Accordingly, the cost of man- 
ufacture of the hydraulic braking pressure control unit 



416 is reduced. 

[0224] The brake-cylinder pressure sensor 488 is 
connected to the brake-cylinder pressure sensor recess 
468r such that a pressure detecting portion of the pres- 

5 sure sensor 488 is located nearer to the first surface 
450, than the point of connection between the pressure- 
increasing and pressure-reducing brake-cylinder pas- 
sages 504a, 504b. The pressure detecting portion is 
open to a pressure chamber partially defined by the 

10 pressure sensor recess 468r, and the two brake-cylinder 
passages 504a, 504b are both held in communication 
with this pressure chamber. This arrangement permits 
the brake-cylinder pressure sensor 488 to detect both 
of an increase and a decrease of the fluid pressure in 

15 the rear right wheel brake cylinder 323, in the same 
manner, and is therefore effective to reduce inconsist- 
ency between the pressure increase control and the 
pressure decrease control. 

[0225] The holder block 420 has a high-pressure pas- 

20 sage 510 formed therein so as to extend in the Y-axis 
direction. The high-pressure passage 510 is held in 
communication with the pump-device port 486 and the 
pressure sensor recess 460. The high-pressure pas- 
sage 510 is aligned with the bisector line A as seen in 

25 a plane parallel to the first surface 450. 

[0226] In the present second embodiment described 
above, the master-cylinder passages 500, 501, brake- 
cylinder passages 502-505 and high-pressure passage 
510 are all formed holder block 420, so as to extend in 

30 the Y-axis direction in parallel with each other. Thus, 
those passages are orderly arranged so as to effectively 
reduce the required sizes of the holder block 420 and 
the hydraulic braking pressure control unit 416. 
[0227] On the other hand, a single pressure-increas- 

35 ing passage 520 is formed commonly for the four pres- 
sure-increasing valve recesses 466f , 466r, while a sin- 
gle pressure-reducing passage 522 is formed common- 
ly for the four pressure-reducing valve recesses 467f , 
467r. The pressure- increasing passage 520 is formed 

40 so as to extend in the X-axis direction and is held in com- 
munication with the inner high-pressure ports 94 of the 
pressure-increasing control valves 378 attached at the 
pressure-increasing valve recesses 466f, 466r. The 
pressure-increasing passage 520 is held also in com- 

45 munication with the above-indicated high-pressure pas- 
sage 51 0, for communication with the pump device 344. 
The pressure-increasing passage 520 extends in a di- 
rection substantially parallel to the straight line B indi- 
cated above. To the intermediate low-pressure ports 96 

50 of the pressure-increasing control valves 378, there are 
connected the wheel brake cylinders 320-323 through 
the respective pressure-increasing brake-cylinder pas- 
sages 502a-505a. In the present embodiment, the fluid 
passage 56 is constituted by the high-pressure passage 

55 510, pressure-increasing passage 520, brake-cylinder 
passages 502a-505a, etc. The brake-cylinder passages 
502a, 504a constitute not only parts of the fluid passag- 
es 334, 336 but also a part of the fluid passage 356. 
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[0228] The pressure-reducing passage 522 is formed 
in communication with the intermediate low-pressure 
ports 96 of the pressure-reducing control valves 380 at- 
tached at the pressure-reducing valve recesses 46 7f, 
467r, and is connected to the reservoir port 488. To the 
reservoir port 488, there is connected a reservoir pas- 
sage 524 communicating with the reservoir 350. To the 
inner high-pressure ports 94 of the pressure-reducing 
control valves 380, there are connected the wheel pres- 
sure-reducing brake-cylinder passages 502b-505b 
communicating with the wheel brake cylinders 320-323. 
In the present embodiment, the fluid passage 84 is con- 
stituted by the pressure-increasing brake-cylinder pas- 
sages 502a-505a, pressure- reducing brake-cylinder 
passages 502b-505b, pressure- reducing passage 522, 
reservoir passage 524, etc. 

[0229] Since the four pressure-increasing valve re- 
cesses 466f , 466r and the four pressure-reducing valve 
recesses 467f, 467r are arranged along the respective 
straight lines B and C, only one pressure-increasing 
passage 520 and only one pressure-reducing passage 
522 are sufficient for the pressure-increasing and pres- 
sure-reducing control valves 378, 380. Accordingly, the 
number of the required fluid passages can be reduced, 
making it possible to reduce the cost of manufacture of 
the hydraulic braking pressure control unit 316. Further, 
the high-pressure passage 510 and the two master-cyl- 
inder passages 500, 501 are formed so as to extend re- 
spective spacings between the adjacent two pressure- 
increasing control valves 466f , 466r, the required X-axis 
dimension of the holder block 420 can be reduced. 
[0230] Further, the pressure-increasing passage 520 
is connected at an intermediate portion thereof to the 
high-pressure passage 51 0, so that the pressurized fluid 
delivered from the pump device 344 can be utilized 
equally for the front wheel brake cylinders 320, 321 and 
the rear wheel brake cylinders 322, 323, leading to even 
distribution of the pressurized fluid. It is noted in partic- 
ular that the high-pressure passage 510 formed along 
the bisector line A is effective to reduce deterioration of 
accuracy of control of the wheel brake cylinder pres- 
sures being increased. 

[0231] It is also noted that the master-cylinder pas- 
sages 500, 501 and the high-pressure passage 51 0 are 
formed independently of each other. In addition, the 
brake-cylinder passages 502a, 504a are provided com- 
monly for the dynamic system (for operating brakes 41 8 
with the pressurized fluid delivered from the power-op- 
erated hydraulic pressure source 314) and the static 
system (for operating the brakes 418 with the pressu- 
rized fluid delivered from the master cylinder 31 2), while 
most of the other passages are provided for each of the 
dynamic and static systems. Further, the wheel brake 
cylinders 320-323 can be isolated from the power-oper- 
ated hydraulic pressure source 314 independently of 
each other, by the respective pressure-increasing con- 
trol valves 378 connected to the respective pressure- 
increasing brake-cylinder passages 502a-505a. This ar- 
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rangement permits the brakes 41 8 to be operated by the 
static system, even in the event of a failure of the dy- 
namic system. In the event of occurrence of any abnor- 
mality such as a fluid leakage in one of the dynamic and 

5 static systems, the other system can be operated. Since 
the master-cylinder passages 500, 501 (static system) 
and the high-pressure passage 510 (dynamic system) 
are formed close to each other, an arrangement for se- 
lective operation of the dynamic and static systems can 

10 be made simple. That is, the number of the required 
components for the selective operation can be reduced. 
[0232] On the other hand, the holder block 420 has 
the connecting passage 358 for connecting the two 
brake-cylinder passages 502, 503 for the front wheel 

15 brake cylinders 320, 321 , and the connecting passage 
360 for connecting the two brake-cylinder passages 
504, 505 for the rear wheel brake cylinders 322, 323, 
such that those connecting passages 358, 360 extend 
in the X-axis direction. 

20 [0233] Described more specifically, the rear wheel- 
cylinder connecting passage 360 includes a first com- 
munication passage 530r and a second communication 
passage 532r. As shown in Figs. 17-19, these first and 
second communication passages 530r, 532r are con- 

25 nected to each other through the communication-valve 
recess 470r. The first communication passage 530r is 
formed in communication with an intermediate port of 
the communication control valve 364 attached at the 
communication valve recess 4704, and with the pres- 
to sure-increasing brake-cylinder passage 505a. The sec- 
ond communication passage 532r is formed in commu- 
nication with an inner port of the communication control 
valve 364 and with the pressure-reducing brake-cylin- 
der passage 504b. Similarly, the front wheel-cylinder 

35 communication passage 348 includes a first communi- 
cation passage 530f and a second communication pas- 
sage 532f for connecting the two brake-cylinder passag- 
es 502, 503. 

[0234] The various hydraulic pressure control compo- 

40 nents described above are attached to the holder block 
420 constructed as described above, as shown in Fig. 
21. The positional relationships among the hydraulic 
components are the same as those among the corre- 
sponding mounting recesses, as indicated previously. 

45 The master-cylinder cut-off valves 412, 414 and other 
valves as shown in Fig. 21 have not been provided with 
the solenoid coils. After those valves are provided with 
the solenoid coils, the projecting portions of the valves 
and pressure sensors are enclosed in a housing 540 

50 placed on the first surface 450 of the holder block 420, 
as shown in Fig. 20. The power supply wires and signal 
wire extend out of the housing 540 into the ox 448 in 
which the lead wires are connected to the appropriate 
battery and the ECU 440 through suitable connecting or 

55 wiring members. Since all of the hydraulic pressure con- 
trol components are attached to the first surface 450 of 
the holder block 420, the lead wires can be easily bun- 
dled together. 
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[0235] In the illustrated embodiments, the pressure- 
increasing and pressure-reducing control valves 84, 86, 
378, 380 are linear control valves capable of continu- 
ously controlling a fluid pressure difference on their op- 
posite sides, by controlling an amount of electric current 5 
appliedto their coil. However, these linear control valves 
may be replaced by solenoid-operated shut-off valves 
which are opened and closed by energization and deen- 
ergization of their coil. In this case, the fluid pressure in 
each wheel brake cylinder can be controlled by control- io 
ling the duty ratio of the corresponding shut-off valve, 
for example. While the four sets of pressure-increasing 
and pressure-reducing control valves 84, 86, 378, 380 
are provided for the respective four wheel brake cylin- 
ders 22, 24, 320-323, a single control valve may be pro- '5 
vided commonly for two or three of the four wheel brake 
cylinders, or for all of the four wheel brake cylinders. 
[0236] The holder block 420 may be modified to hold 
other hydraulic components such as components of the 
power-operated hydraulic pressure source 314 (e.g., 20 
pump 340, pump motor 342, accumulator 346), compo- 
nents of the stroke simulator device 430, pressure relief 
valve 352, and reservoir 350. Further, it is not essential 
to provide the four b rake-cylinder pressure sensors 1 22, 
386, 388 for the respective four wheel brake cylinders, 25 
since the fluid pressures in all of the wheel brake cylin- 
ders are usually equal to each other during a normal op- 
eration of the braking system. While the master cylinder 
31 2 used in the second embodiment is provided with the 
hydraulic booster, this mater cylinder 312 may be re- 30 
placed by an ordinary master cylinder of tandem type, 
like the master cylinder 20 used in the first embodiment. 
The accumulator pressure sensors 62, 348 may be re- 
placed by an accumulator pressure switch. 
[0237] In the second embodiment, it is not essential 35 
to provide the connecting passages 358,360 and the 
communication control valves 362, 364. The principle of 
the present invention is equally applicable to a hydraulic 
braking pressure control unit arranged for use in a brak- 
ing system having five or more brake cylinders. In the *o 
second embodiment, the holder block 420 is attached 
to the vehicle body at the fourth surface 456, the holder 
block 420 may be attached to the vehicle body, at its fifth 
surface 490 or sixth surface 492 which does not have 
any connector ports. Further, the holder block 420 may 
be attached to the vehicle body at the selected two or 
more surfaces. The principle of the present invention is 
applicable to a braking system of so-called "diagonal" 
or "X-crossing" type. 

[0238] It is to be understood that the present invention so 
may be embodied with various other changes, modifi- 
cations and improvements, such as those described in 
the SUMMARY OF THE INVENTION, which may occur 
to those skilled in the art, without departing from the spir- 
it and scope of the invention defined in the following 55 
claims: 
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Claims 

1. A hydraulic braking pressure control unit including 

(a) at least three hydraulic pressure control compo- 
nents (62, 64, 80, 82, 84, 86, 120, 122; 362, 364, 
378, 380, 386, 388, 406, 410, 412, 414, 416), and 

(b) a holder structure (150; 420) which holds said 
at least three hydraulic pressure control compo- 
nents, said at least three hydraulic pressure control 
components being selected from (i) electromagnet- 
ically operated hydraulic pressure control valves 
(64, 80, 82, 84, 86, 362, 364, 378, 380, 410, 412) 
capable of controlling a pressure of a working fluid 
in a brake cylinder (22, 24; 320-323) in a braking 
system, and (ii) pressure detecting devices (62, 
120, 122; 386, 388, 406, 414, 416) used to detect 
respective pressures of the fluid, to control the elec- 
tromagnetically operated hydraulic pressure control 
valves, characterized in that: 

said at least three hydraulic pressure control 
components (62, 64, 80, 82, 84, 86, 120, 122; 
362, 364, 378, 380, 386, 388, 406, 410, 412, 
414,41 6) include three hydraulic pressure con- 
trol components (120, 122; 362, 364, 378, 380, 
386, 388, 406, 410, 412, 414, 416) which are 
attached to said holder structure (150; 420) 
such that one of said three hydraulic pressure 
control components is spaced from the other 
two of said three hydraulic pressure control 
components by a substantially same distance. 

2. A hydraulic braking pressure control unit according 
to claim 1 , wherein said holder structure (150; 420) 
includes a portion having one surface (152, 450), 
and said at least three hydraulic pressure control 
components (62, 64, 80, 82, 84, 86, 120, 122; 362, 
364, 378, 380, 386, 388, 406, 410, 412, 414, 416) 
are attached to said holder structure (150; 420) 
such that a main body portion of each of said at least 
three hydraulic pressure control components is 
fixed to said portion of said holder structure. 

3. A hydraulic braking pressure control unit according 
to claim 1 or 2, wherein said at least three hydraulic 
pressure control components include two compo- 
nents (1 22; 378, 380, 386, 388, 41 4, 41 6) which are 
arranged along a reference line, and another com- 
ponent (120; 362, 364, 378, 386, 388, 410, 412, 
414, 416) which is spaced from said reference line 
in a direction perpendicular to said reference line. 

4. A hydraulic braking pressure control unit including 
a plurality of electromagnetically operated hydraulic 
pressure control valves (80, 82, 84, 86; 362, 364, 
378, 380, 410, 412) capable of controlling a pres- 
sure of a working fluid in a brake cylinder (22, 24; 
320-323), and a holder structure (150; 420) which 
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holds said plurality of efectromagnetically operated 
hydraulic pressure control valves, characterized in 
that: 

said plurality of electromagnetically hydraulic 5 
pressure control valves (80, 82, 84, 86; 362, 
364, 378, 380, 410, 412) have respective main 
body portions which are arranged along a 
straight line on one surface (152; 450) of said 
holder structure (150; 420), and said holder 10 
structure has at least one fluid passage (174, 
176, 182, 200; 500, 501 , 503, 505, 510) which 
is formed in said holder structure such that each 
of said at least one fluid passage extends in a 
direction intersecting said straight line, be- *s 
tween two adjacent ones of said plurality of 
electromagnetically operated hydraulic pres- 
sure control valves as seen in a plane of said 
one surface. 

20 

5. A hydraulic braking pressure control unit according 
to claim 4, wherein said at least one fluid passage 
includes at least one high-pressure passage (158, 
174; 500, 501, 510) connected to a high-pressure 
source (12, 20; 312, 344). 25 

6. A hydraulic braking pressure control unit according 
to claim 4 or 5, wherein said at least one fluid pas- 
sage includes at least one passage (174, 176, 182, 
200; 500, 501 , 503, 505, 51 0) formed so as to ex- 30 
tend in a direction substantially perpendicular to 
said straight line as seen in said plane. 

7. A hydraulic braking pressure control unit according 

to any one of claims 4-6, wherein said at least one 35 
fluid passage includes at least one passage (174, 
176, 182, 200; 500, 501 , 503, 505, 510) formed so 
as to extend along a straight line which is normal to 
a segment connecting centers of said adjacent 
ones of said plurality of electromagnetically operat- 40 
ed hydraulic pressure control valves and which 
passes a midpoint of said segment, as seen in said 
plane. 

8. A hydraulic braking pressure control unit according ^ 
to any one of claims 5-7, wherein said plurality of 
electromagnetically operated hydraulic pressure 
control valves whose main body portions are ar- 
ranged along said straight line consist of fourcontrol 
valves (378, 380), and said high-pressure source so 
includes a power- ope rated hydraulic pressure 
source (314) power-operable to pressurize the 
working fluid, and a master-cylinder (31 2) operable 

by an operator by said unit, said at least one fluid 
passage including a pressure-source passage 55 
(510) connected to said power-operated hydraulic 
pressure source, and at least one master-cylinder 
passage (500, 501) connected to said master cyl- 
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inder, each of said pressure-source passage and 
said master-cylinder passage being formed in said 
holder structure, so as to extend in said direction 
intersecting said straight line, between adjacent 
ones (378, 380) of said four control valves, as seen 
in said plane. 

9. A hydraulic braking pressure control unit according 
to any one of claims 4-8, which is used for a braking 
system having two mutually independent sub-sys- 
tems (320-321, 322-323). 

10. A hydraulic braking pressure control unit according 
to claim 9, wherein said plurality of electromagnet- 
ically operated hydraulic pressure control valves 
consist of four control valves (278, 280) consisting 
of a first pair of control valves (278, 280) which are 
included in one of said two mutually independent 
sub-systems (320-321 ) and which are arranged ad- 
jacent to each other, and a second pair of control 
valves (278, 280) which are included in the other of 
said two mutually independent sub-systems 
(322-323) and which are arranged adjacent to each 
other such that one of said second pair of control 
valves is adjacent to one of said first pair of control 
valves. 

11 . A hydraulic braking pressure control unit according 
to claim 9 or 10, wherein said four control valves 
(278, 280) consist of a first pair of control valves 
(278, 280) and a second pair of control valves (278, 
280) which are disposed on respective opposite 
sides of a straight line which is normal to a segment 
connecting centers of inner two control valves of 
said four control valves and which passes a mid- 
point of said segment, as seen in a plane of said 
one surface (450) of said holder structure (420), 
said first and second pairs of control valves being 
respectively included in said two mutually inde- 
pendent sub-systems. 

12. A hydraulic braking pressure control unit according 
to any one of claims 9-1 1 , wherein said one surface 
(450) of said holder structure (420) is bisected into 
two areas by a bisector line (A) which is perpendic- 
ular to said straight line, said electromagnetically 
operated hydraulic pressure control valves consist- 
ing of a first group of control valves (362, 378, 380, 
410) and a second group of control valves (364, 
378, 380, 412) which are respectively included in 
said two mutually independent sub-systems, 

13. A hydraulic braking pressure control unit according 
to any one of claims 9-1 2, wherein said holder struc- 
ture (420) consists of two halves (457, 458) which 
are located on respective opposite sides of a bisec- 
tor plane which includes a bisector line (A) perpen- 
dicular to said straight line and which is perpendic- 



ular to said one surface (450), said bisector line be- 
ing located at a substantially central position on said 
one surface (450) as seen in a direction of said 
straight line, said holder structure having at least 
one first fluid passage (500, 502, 503) and at least 
one second fluid passage (501 , 504, 505) which are 
respectively formed in said two halves. 

14. A hydraulic braking pressure control unit according 
to any one of claims 8-13, wherein said pressure- 
source passage (510) is formed between two inner 
control valves of said four control valves (378, 380), 
as seen in said plane. 

15. A hydraulic braking pressure control unit according 
to any one of claims 8-1 4, wherein said at least one 
master-cylinder passage consists of two master- 
cylinder passages (500, 501) each of which is 
formed so as to extend between two adjacent ones 
of said electromagneticaily operated hydraulic 
pressure control valves (378, 380), as seen in said 
plane, said adjacent ones being included in a cor- 
responding one of said two mutually independent 
two sub-systems. 

16. A hydraulic braking pressure control unit according 
to any one of claims 8-15, wherein said holder struc- 
ture includes a portion having said one surface 
(450), and said plurality of electromagneticaily op- 
erated pressure control valves includes a master- 
cylinder cut-off valve (410, 412) attached to said 
portion of said holder structure, in communication 
with a portion of each of said at least one master- 
cylinder passage (500, 501), which portion is locat- 
ed on one of opposite sides of said straight line, said 
master-cylinder cut-off valve being operable to se- 
lectively open and close said each master-cylinder 
passage, said unit further including a master-cylin- 
der pressure detecting device (414, 416) attached 
to said portion of said holder structure, in commu- 
nication with another portion of said each master- 
cylinder passage, which another portion is located 
on the other of said opposite sides of said straight 
line, said master-cylinder pressure detecting device 
being operable to detect a pressure of the working 
fluid in said each master-cylinder passage. 

17. A hydraulic braking pressure control unit according 
to claim 1 6, wherein said portion of said each mas- 
ter-cylinder passage located on said one of said op- 
posite sides of said straight line is connected to said 
master cylinder (312). 

18. A hydraulic braking pressure control unit according 
to any one of claims 4-1 7, wherein said holder struc- 
ture (150; 420) has a plurality of fluid passages 
(158, 160, 166, 174, 176, 182, 200; 500-505, 510) 
formed in parallel to each other. 



19. A hydraulic braking pressure control unit according 
to any one of claims 5-1 8, wherein said at least one 
at least one high-pressure passage consists of a 
plurality of high-pressure passages (500, 501 , 510), 

5 and said holder structure (420) has four brake-cyl- 
inder ports (480-483) connected to respective four 
brake cylinders (320-323), and a plurality of high- 
pressure ports (484-486) connected to said plurality 
of high-pressure passages, said four brake-cylinder 

10 ports and said plurality of high-pressure ports being 
arranged in a zigzag pattern, along respective two 
straight lines which are spaced apart from each oth- 
er, such that said brake-cylinder ports and said 
high-pressure ports are alternately arranged in a di- 

15 rection parallel to said two straight lines. 

20. A hydraulic braking pressure control unit according 
to any one of claims 1 -19, wherein said holder struc- 
ture (420) has a plurality of brake-cylinder passages 

20 (502-505) formed for connection to respective 
brake cylinders (320-323), and at least one con- 
necting passage (530, 532) each formed for com- 
munication between two passages of said plurality 
of brake-cylinder passages, said electromagneti- 
cs cally operated hydraulic pressure control valves in- 
cluding at least one communication control valve 
(362, 364) attached to said portion of said holder 
structure, said at least one communication control 
valve being provided for said at least one connect- 
30 jng passage and operable to selectively open and 
close a corresponding one of said at least one con- 
necting passage. 

21. A hydraulic braking pressure control unit including 
35 (a) a pressure-increasing control valve (378) oper- 
able to increase a pressure of a working fluid in a 
brake cylinder (320-323), by effecting communica- 
tion of said brake cylinder with a high-pressure 
source (344), (b) a pressure-reducing control valve 

40 (380) operable to reduce the pressure of the work- 
ing fluid in the brake cylinder, by effecting commu- 
nication of said brake cylinder with a low-pressure 
source (350), (c) a brake-cylinder pressure detect- 
ing device (386, 388) operable to detect the pres- 

45 sure in the brake cylinder, and (d) a holder structure 
(420) which holds said pressure-increasing and 
pressure-reducing control valves and said brake- 
cylinder pressure detecting device, characterized 
in that: 

50 

said holder structure (420) has a portion having 
one surface (450), and pressure-increasing 
control valve (378), said pressure-reducing 
control valve (380) and said brake-cylinder 
55 pressure detecting device (386, 388) are at- 

tached to said portion of said holder structure 
(420) such that said pressure-reducing and 
pressure-reducing control valves and said 
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brake-cylinder pressure detecting device are 
arranged along a substantially straight line on 
said one surface (450), and such that said 
brake-cylinder pressure detecting devices is lo- 
cated at a substantially midpoint between said 
pressure-increasing and pressure-reducing 
control valves. 

22. A hydraulic braking pressure control unit according 
to claim 21, wherein said holder structure has a 
pressure-increasing brake-cylinder passage (502a- 
505a) connecting said brake-cylinder pressure de- 
tecting device (386, 388) and said pressure-in- 
creasing control valve (378), and a pressure-reduc- 
ing brake-cylinder passage (502b-505b) connect- 
ing said brake-cylinder pressure detecting device 
and said pressure-reducing control valve (380), 
said pressure-increasing brake-cylinder passage 
and said pressure-reducing brake-cylinder pas- 
sage being formed at different positions in a direc- 
tion perpendicular to said one surface (450) of said 
holder structure. 

23. A hydraulic braking pressure control unit according 
to claim 21 or 22, wherein said holder structure 
holds at least two straight arrays of pressure-in- 
creasing control valves (378), pressure-reducing 
control valves (380) and brake-cylinder pressure 
detecting devices (386, 388), which are attached to 
said portion of said holder structure, said holder 
structure having at least two brake-cylinder passag- 
es (502-505) formed for communication with the 
pressure-increasing and pressure-reducing control 
valves and the brake-cylinder pressure detecting 
device of said at least two straight arrays, respec- 
tively, said holder structure further having a con- 
necting passage (430, 532) formed for communica- 
tion between two passages of said at least two 
brake-cylinder passages, the hydraulic braking 
pressure control unit further including a communi- 
cation control valve (362, 364) which is attached to 
said portion of said holder structure and which is 
operable to selectively open and close said con- 
necting passage. 

24. A hydraulic braking pressure control unit charac- 
terized by comprising: 



controlling a pressure of the working fluid in a 
brake cylinder (22, 24), by utilizing the pressu- 
rized fluid delivered from said power-operated 
hydraulic pressure source, said plurality of con- 

5 trol valves including a pressure-increasing con- 

trol valve (84) disposed between said power- 
operated hydraulic pressure source and said 
brake cylinder (22, 24), and a pressure- reduc- 
ing control valve (86) disposed between said 

10 brake cylinder and said low-pressure source; 

and 

a holder structure ( 1 50) which has a first portion 
and a second portion respectively having a first 
surface (152) and a second surface (154) that 

is are opposed to each other, said holder struc- 

ture holding said power-operated hydraulic 
pressure source and said control valve device 
such that a main body portion of each of said 
at least two control valves is attached to said 

20 first portion, while main body portions of said 

accumulator and said electric motor are at- 
tached to said second portion, and such that a 
first row in which said pressure-increasing and 
pressure-reducing control valves (84, 86) are 

25 arranged and a second row in which said accu- 

mulator and said electric motor are arranged 
are substantially parallel to each other. 

25. A hydraulic braking pressure control unit according 
30 to claim 24, which includes a plurality of sets of con- 
trol valves each set consisting of said pressure-in- 
creasing control valve (84) and said pressure-re- 
ducing control valve (86), and wherein the first rows 
of the pressure-increasing and pressure-reducing 

35 control valves of the respective sets are parallel to 
each other. 

26. A hydraulic braking pressure control unit according 
to claim 24 or 25, wherein the main body portions 

40 of said electric motor (56) and said accumulator (52) 
are located in an almost central part of said second 
surface (154), and said plurality of control valves 
(80, 80, 84, 86) attached to said first portion are lo- 
cated on opposite sides of a plane which includes 

45 axes of the electric motor and the accumulator and 
which is perpendicular to said first and second sur- 
faces. 



a power-operated hydraulic pressure source 
(12) including (a) a pump device (50) having a 50 
pump (54) operable to pressurize a working flu- 
id received from a low-pressure source (26) 
and deliver the pressurized fluid, and an elec- 
tric motor (56) operable to drive said pump, and 
(b) an accumulator (52) for storing the pressu- 55 
rized fluid delivered from said pump device; 
a control valve device (14) including a plurality 
of control valves (80, 82, 84, 86) capable of 



27. A hydraulic braking pressure control unit according 
to any one of claims 24-26, further comprising at 
least one of (i) a pressure relief valve (64) disposed 
between high-pressure and low-pressure sides of 
said power-operated hydraulic pressure source 
(12), (ii) an output pressure detecting device (62) 
operable to detect an output pressure of said pow- 
er-operated hydraulic pressure source, and (iii) a 
brake-cylinder pressure detecting device (122) op- 
erable to detect the pressure in said brake cylinder 
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(22, 24), and wherein said at least one of said pres- 
sure relief valve, said output pressure detecting de- 
vice and said brake-cylinder pressure detecting de- 
vice is attached to said first portion of said holder 
structure (150). 

28. A hydraulic braking pressure control unit according 
to claim 27, wherein said first surface (1 52) and said 
second surface (154) of said holder structure are 
parallel to each other, and said pressure relief valve 
(64) and said output pressure detecting device (62) 
attached to said first plane are located near a plane 
which includes axes of said electric motor and said 
accumulator and which is perpendicular to said first 
and second surfaces. 

29. A hydraulic braking pressure control unit according 
to any one of claims 24-28, further comprising a 
master-cylinder cut-off valve (80, 82) operable be- 
tween an open state for communication between 
said brake-cylinder (22, 24) and a master cylinder 
(20) operable to pressurize the working fluid to a 
pressure corresponding to a force of operation of a 
brake operating member (30) by an operator, and a 
closed state for isolating the brake cylinder from 
said master cylinder, and wherein said master-cyl- 
inder cut-off valve is attached to said first portion of 
said holder structure (150). 

30. A hydraulic braking pressure control unit according 
to any one of claims 24-29, wherein said plurality of 
control valves (64, 80, 82, 84, 86) are attached to 
said first portion such that axes of said control valve 
are substantially perpendicular to said first surface, 
while said electric motor (56) and said accumulator 
(52) are attached to said second portion such that 
axes of said electric motor and said accumulator are 
substantially perpendicular to said second surface. 

31. A hydraulic braking pressure control unit according 
to any one of claims 24-30, wherein said holder 
structure has a low-pressure passage (200) con- 
nected to said low-pressure source (26) , and a high- 
pressure passage (1 74) connected to said accumu- 
lator (52), said low-pressure and high-pressure 
passages being formed in an almost middle part of 
said holder structure as seen in a plane of said sec- 
ond surface (154). 

32. A hydraulic braking pressure control unit according 
to claim 31, wherein said low-pressure and high- 
pressure passages are formed substantially paral- 
lel to each other. 

33. A hydraulic braking pressure control unit according 
to claim 31 or 32, wherein said pressure-reducing 
control valve (86) is held in communication with said 
low-pressure passage (200), while said pressure- 



increasing valve (84) is held in communication with 
said high-pressure passage (174). 

34. A hydraulic braking pressure control unit according 
5 to any one of claims 31-33, further comprising a 

pressure relief valve (64) disposed between high- 
pressure and low-pressure sides of said power-op- 
erated hydraulic pressure source (12), and wherein 
said pressure relief valve is connected to both of 
10 said low-pressure and high-pressure passages. 

35. A hydraulic braking pressure control unit according 
to any one of claims 24-34, wherein said holder 
structure has a plurality of brake-cylinder passages 

'5 (160, 166) which are held in communication with a 
plurality of brake cylinders (22, 24), respectively 
and which are formed in parallel with each other. 

36. A hydraulic braking pressure control unit according 
20 to any one of claims 24-35, wherein said accumu- 
lator (52) includes a housing (73), a partition mem- 
ber (76) which fluid-tightly divides an interior of said 
housing into two variable-volume chambers (74, 
75), and a connecting portion (72) which is held in 

25 communication with one of said two variable-vol- 
ume chambers and which has two ports (77, 78) that 
are spaced from each other in an axial direction of 
said housing, said two ports consisting of an inner 
port (77) located at an end of said connecting por- 
30 tion, and an intermediate port (78) located between 
said inner port and said one variable-volume cham- 
ber, and where said pressure-increasing control 
valve (84) is connected to said inner port while said 
pump device (50) is connected to said intermediate 
35 port. 

37. A hydraulic braking pressure control unit according 
to any one of claims 24-36, wherein each of said 
pressure-increasing control valve (84) and said 

40 pressure-reducing control valve (86) has a high- 
pressure port ((94) formed at one end thereof, and 
a low-pressure port located between said one end 
and other end as seen in an axial direction of the 
control valve. 

45 

38. A hydraulic braking pressure control unit according 
to any one of claims 24-36, wherein said holder 
structure (150) further has a third surface (155) 
which intersects said first and second surfaces 

50 (152, 154), said holder structure having ports (41 , 
43-45, 66) which are open in said third surface, for 
connection to said low-pressure source (26) and 
said brake cylinder (22, 24). 

55 39. A hydraulic braking pressure control unit according 
to any one of claims 24-38, further comprising at 
least one of (i) a reservoir (26) for storing the work- 
ing fluid discharged from said brake cylinder (22, 
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24), and (ii) a stroke simulator (1 42) for connection 
to a master cylinder (20), for flows of the working 
fluid between said stroke simulator and said master 
cylinder as a pressurizing piston of the master cyl- 
inder is moved, and wherein said holder structure 
(150) holds said at least one of said reservoir and 
said stroke simulator. 

40. A hydraulic braking pressure control unit compris- 
ing: 

a power-operated hydraulic pressure source 
(12) including (a) a pump device (50) having a 
pump (54) operable to pressurize a working flu- 
id received from a low-pressure source (26) 
and deliverthe pressurized fluid, and (b) an ac- 
cumulator (52) for storing the pressurized fluid 
delivered from said pump device; 
a control valve device (14) including a plurality 
of control valves (80, 82, 84, 86) capable of 
controlling a pressure of the working fluid in re- 
spective brake cylinders (22, 24), by utilizing 
the pressurized fluid delivered from said power- 
operated hydraulic pressure source, said brake 
cylinders being operable to activate respective 
brakes for braking respective wheels of a vehi- 
cle; and 

a holder structure (150) which holds said pow- 
er-operated hydraulic pressure sou rce and said 
control valve device and which has a first por- 
tion and a second portion respectively having 
a first surface (1 52) and a second surface (1 54) 
that are opposed to each other, 
said hydraulic braking pressure control unit be- 
ing characterized in that: 
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A holder structure of generally block shape for hold- 
ing at least one control valve (80, 82, 84, 86), and 
a power-operated hydraulic pressure source (12) 
including (a) a pump device (50) having a pump (54) 
operable to pressurize a working fluid received from 
a low-pressure source (26) and deliver the pressu- 
rized fluid, and (b) an accumulator (52) for storing 
the pressurized fluid delivered from said pump de- 
vice, said holder structure having: 

a first portion and a second portion respectively 
having a first surface (152) and a second sur- 
face (154) which are opposed to each other; 
at least one control-valve recess (162, 188, 
204) each of which is open in said first surface, 
for receiving at least a portion of a correspond- 
ing one of said at least one control valve; 
an accumulator recess (180) which is open in 
said second surface, for receiving at least a 
portion of said accumulator; 
a drive-force transmitting recess (1 68) which is 
open in said second surface, for receiving a 
drive-force transmitting portion of said power- 
operated hydraulic pressure source which is ar- 
ranged to transmit a rotary motion of said elec- 
tric motor to said pump. 
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said control valve device includes a plural- 
ity of pressure-increasing control valves 
(84) disposed between said power-operat- 
ed hydraulic pressure source and said 40 
brake cylinders, respectively, and a plural- 
ity of pressure-reducing control valves (86) 
disposed between said low-pressure 
source and said brake cylinders, respec- 
tively, and 45 
main bodies of said accumulator and said 
electric motor are attached to an almost 
middle part of said second portion of said 
holder structure, said plurality of pressure- 
increasing control valves and said plurality so 
of pressure-reducing control valves con- 
sisting of two groups of control valves 
which are located in respective two areas 
of said first surface which are located on 
opposite sides of a row in which said accu- 55 
muiator and said electric motor are ar- 
ranged on said second surface. 
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